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ABSTRACT 
The aviation industry in UAE has experienced rapid expansion over the past decade due to 
increase in economic growth and technological advancements. UAE's total fiscal 
investment on airport development over the coming 20 years is estimated to exceed Dh7 1 
billion (U $ 1 9 .35  billion). Civil aviation now a day is considered one of the greatest 
en ironmental concerns which lead to many different environmental problems. The 
International Aviation Organization (lCAO) secretariat considered aircraft noise as the 
most significant cause of adverse community reaction related to the operation and 
e pansion of airports. This is expected to remain the case in most regions of the world for 
the foreseeable future. 
Dubai International Airport (DIA) was establ ished in 1 959.  The site was chosen not j ust 
for its proximity to town but also with future expansion in mind. Since 1 992 the growth 
rate of incoming aircraft at DIA has been exponential, and the airport capacity has doubled 
between 1 980 and 200 1 .  Aircraft movement is further expected to increase in the next 20 
years with the already constructed new terminal . The negative impacts of noise resulting 
from airport operations are known and documented globally. However, a difficulty arise in  
predicting the variations and changes in airport operations and aircraft noise. 
The specific objectives of this study were to assess the noise exposure levels, contour the 
noise profile within the surroundings of DIA, and depict long-term future noise exposure. 
Field measurements of aircraft noise were undertaken c lose to the runway l 2L130R end 
points as well at 7 key locations in the vicinity of DIA. The aircraft noise was modeled 
using the Integrated Noise Model (INM) which is developed by the US Federal Aviation 
Administration (FAA) to simulate the current and future noise levels based on steady 
increase in fl ight operation. A future annual growth rate of 1 0.3% ti l l  the end of 20 1 0  and 
3 .5% ti l l  the end of 20 1 5  was used based on feedback from local authorities. 
The local order 6 1 1 1 99 1  of the Emirate of Dubai states that "noise level should not exceed 
5 5  dBA between 7: 00 am and 8 :00 pm and 45 dBA between 8 :00 pm and 7 :00 am", Values 
for community noise set by WHO state that the equivalent noise level for outdoor l iving 
area should not exceed 55 dBA. Noise measurement in the vicinity of DIA shows that the 
e qui a lent noi e Ie el aries from 45-65 . 1  dBA during normal flight hours and from 43 .8-
69.4 dB during bu y flight hour . I so, there was a reduction in the noise Ie el by almost 
dBA between da and night time measurements. Measured noise levels in the icinity of 
the airport were c lose to tho e predicted under the current conditions. 
Predicted noi e level at the end of 20 1 0 at Al Rashidiya and Mirdif are 62 .3  and 65 .2  dBA, 
re pectivel . The predicted noise level at the end of 20 1 5  at the two community locations 
wi l l  ri e to 63 and 65 .9  dB ,respectively. Hence, the noise level under cu r ent and future 
flight condition i 7- 1 1  dBA higher (especially at night time) than the regulatory l imits at 
certain locations urrounding D lA. 
Mitigation cenarlO were imulated to develop guidance and mitigation measures to 
minimize aircraft noise impact in the vicinity of D lA. This was achieved by uti lizing the 
runway end usages and considering wind direction. Results of the mitigated cases lead to a 
change in noi e contour and shapes and reduction of the noise level at the most affected 
areas by distributing the noise to other areas (mainly at commercial areas like Al 
Khabaisi). The results also i l lustrate a reduction in the noise level by 3-8 dBA at Mirdif 
and Al Rashidiya. 
The second objective of the study was to assess the impact of aircraft noise from D lA on 
the su r ou nding communities by conducting an individual noise survey at seven areas with 
consideration of distance and population density .  A total of 1 72 respondents fil led the 
distributed question naire . About 78% of the respondents were annoyed by the noise level 
due to aircraft movement at DIA, mainly in the areas which are inl ine with the flight path. 
There is also a difference in the percentage of people annoyed among the surveyed areas 
due to differences in the distance from the ai rport as well  as the location within the path of 
the runway and the flight tracks. The most affected areas based on respondents ' input were 
A l  Tawar and Mirdif. 
F ina ly, several recommendations were presented by studying other airports mitigation 
procedures, pl ans and legislations and considering the respondents ' suggestions. The noise 
abatement was one of the most recommended procedures by lCAO Committee on Aviation 
Environment Protection (CAE P) .  Thus, noise abatement procedures are used to redistribute 
the noise produced during the flight to alleviate the impact of noise on the most sensitive 
IV 
areas . hang ing runways and routes, spec ia l  no i e abatement maneuvers dur ing take-o ff 
and app roach, reduces the number of people e posed to no ise at spec ific areas around 
a irpo rt . 
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1 . 1 0  RVIEW 
HAPT E RI 
I TROD CT I O  
The aviation indu try in the UAE has e perienced rapid expansion over the past decade 
due to an increa e in economic growth and technological advancements. The UAE s total 
fi cal in estment on airport de elopment 0 er the coming 20 years is estimated to exceed 
Dh7 1 bil l ion (U 1 9 .35  bil l ion). This figure includes Dh25 billion for redevelopment of 
Abu Dhabi International Airport (ADlA) Dh 1 5  bill ion being spent on the expansion of 
Dubai International Airport (DlA) and Dh30 bi l l ion estimated for the development of the 
new Jebel Ali International Airport (JAlA), the DAE's seventh airport (DAE at a Glance 
2006). 
DlA was established in 1 959  by the order of HH Sheikh Rashid bin Saeed Al Maktourn. It 
is located 4 km away from the centre of the city of Dubai, keeping in mind the future 
expected expansion as of today. The initial airfield consisted of a 1 ,800-m compacted 
runway, an apron area, a small but adequate terminal building and a fire station (About 
D IA,  2006). Today, DIA is one of the fastest growing airports in the world, and it became 
the hub of the Middle East by being at the threshold of the top 1 0  airports. The government 
of Dubai has set a major expansion plan costing almost DS$ 4 . 1 bi l lions for DlA and its 
affiliated divisions in order to turn DIA to be the most user-friendly and efficient airport 
and to maintain the position of the Emirates as the aviation and business hub of the region 
(New Project 2006). 
Since 1 992 the growth rate of incoming aircraft at DIA has been exponential, and the 
airport capacity has doubled between 1 980 and 200 1 .  Aircraft movement is further 
expected to increase in the next 20 years with the already constructed new terminal. Figure 
1 . 1  shows the growth of aircraft movement at DIA from 1 996 unti l  2008.  This increase is 
not without its complications on the surroundings; one of which is  aircraft noise. In  fact, 
aircraft noise is considered the single major environmental problem associated with 
aviation operations. Although such a problem does not produce visible effects, many 
1 
tudie how that n01 hann human h alth and decrea e quality of life .  In thi 
connection, irport ouncil International recently tated .. the e treme difficulty 
encountered in the con truction of ne\\ airport , the expan ion of exi ting airport and the 
cheduling of aircraft operation . e pecial ly at night. i primari l, the re ult of community 
oppo ition to aircraft noi e at many airport ". 
250000 
en 200000 ... 
s:: 
Q) E 150000 > 
0 
:!E 100000 
C'O ... 
0 50000 � 
0 
1996 1998 2000 2002 2004 2006 2008 
Year 
Figure 1.1: ircraft movement at DIA (data from Airport Traffic Control (A TC), DIA, 
_007). 
\Vhile the negative impacts of noise re ulting from airport operations are known and 
do umented globall , there is no systematic tudy and research that has been done to 
noi e expo ure levels and related/associated impacts in the vicinity of major airports 
\\ithin the UAE. In the absence of such, it becomes apparently difficult to predict the 
variations and changes in airport operations and aircraft noise which occur from year to 
year and to forecast the l ikely environmental effects of proposed future changes in aircraft 
and airport operations, and further to control de elopment within the vicinity of airports. 
Therefore. detai led studies of aircraft noise level at major airports in the country are greatly 
needed. This study is  thus planned to investigate and assess noise levels resulting from 
aircraft traffic at DIA with considerations of anticipated future expansion. 
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1.2 BJ TIVE 
The pecific objective of thi stud were : 
1 .  es the nois e posure Ie el , contour the noise profile" ithin the surroundings 
of DIA, and depict long-t rm future noise exposure. 
2. es the impact of aircraft noi e from Dr on the surrounding communities by 
conducting an individual noi e survey. 
3 .  Develop guidan e and mitigation mea ures for minimizing the impact of aircraft 
noi e in the vicinity of DI . 
1.3 APPROACH 
To achie e the tated obj ectives, the major tasks that were w1dertaken are outl ined below: 
1.3.1 Literature Review 
This task includes re iew of noise impact, legislative laws, previous studies conducted to 
as ess noise levels at other airports, and local efforts pertinent to the study. The l iterature 
re iew also includes a background of available noise measuring devices. 
1.3.2 DatalInformation Collection 
The study describes the baseline information of DIA and its relationship to the surrounding 
communities, which could be used in later stages as a basis of noise compatibi lity planning 
process. It comprises : 
a) A description of the setting, local cl imate, and historical perspective of the airport. 
b) A description of airspace and air traffic control .  
c) A description of fleet mix. 
d) A description of existing land uses in  the study area. 
Three types of data were col lected for the study: 
1 .  Noise level measurement. A set of acoustical instrun1entation were placed at the 
end of each runway at DIA to determine aircraft noise from the source. Noise data 
3 
were col lected for 24-ru a day over a period of at least 1 week . In  addition, 
community noi e levels were determined at several locations surrounding the 
airport. 
2. Input data for the elected modell ing software including airport and tudy area 
de cription. activity data, fleet mix, database selection, time-of-day, runway use, 
flight profile , fl ight tracks, and assignment of aircraft to flight tracks. Data 
pertinent to aircraft traffic were col lected for the same period noise data were 
col lected for. 
3. urvey wa carried out for residents of areas surrounding the airport in order to 
identify public perception on noise due to aircraft movement at DIA. 
1.3.3 l\1odelling 
The Integrated Noi e Model (INM) was used in this study. The INM model util izes flight 
track information aircraft fleet mix, standard and user defined aircraft profiles and terrain 
as inputs. The INM model produces noise exposure contours. The program includes built 
in tools for comparing contours and uti l ities that facil itate easy export to commercial 
Geographic Information Systems. The model also calculates predicted noise at specified 
site . Inputs to the INM wil l  include runway configuration, flight track locations, aircraft 
fleet mix stage length (trip length) for departures, and numbers of daytime and night time 
operations by aircraft type. The INM computes typical flight profiles for aircraft operating 
at the assumed airport location, based upon the field elevation and lapse rate temperature. 
The model l ing exerCIse included simulation of noise levels under current air traffic 
conditions and simulation of noise levels for future conditions (considering airport 
expansion). Additional simulation efforts were conducted subject to mitigation scenarios. 
A schematic diagram of the work plan undertaken to complete the study is  demonstrated in 
Figure 1 .2. 
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Figure 1.2: Work plan for the noise modelling activities. 
1.4 SCOPE OF WORK 
This study is expected to provide an assessment of noise impact due to aircraft traffic at 
DIA under current situation as well as future expansion. Recommendations for proper 
noise management with potential mitigations measures were provided at the end of the 
study. Overal l ,  this study is expected to provide guidance to professionals i n  the field and 
decision makers to evaluate the adequacy of Dubai's existing noise regulation to formulate 
new policy and prevent further deteriorations of the environment near "hot spots areas". 
5 
1. 5 THE I TR T RE 
The thesi of i chapt r . This chapter de cribe the objecti e and scope of work 
of the tudy. hapter tv.·o re iews the literature pertaining to aircraft noise and its impacts. 
Factor that affect and control the noi e level were al 0 explored in this chapter. hapter 
three provide information related to the site and the surrounding land use. This chapter 
al 0 d crib the data and method used for noise simulation. The results of this study are 
pre ented and di cu ed in Chapter 4 and 5 .  Final ly, Chapter 6 concludes this work and 
set orne recommendations. 
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H P T E R2 
LITE RAT R E  REVI EW 
Thi chapter include revIew of the nOIse impact, legi lati e laws, prevIOus studies 
conducted to a sess noise Ie els at other airports, and local effort pertinent to the study. 
The chapt r tarts "vith orne definition and terminologies used in the area of noise 
pollution including the principles of noi e measuring de ices. 
2.1 DEFI ITION D TERMINOLOGY 
2.1.1 Definition of oi e 
The word noi e comes from the Latin word nausea meaning seasickness (Noise Pol lution, 
2006). Physically, th re is no distinction between sound and noise. Sound is a sensory 
perception and the comple pattern of sound waves is labelled noise, music, speech, etc. 
oise is thus defined as unwanted sound (Berglund et aI , 1 995). In general, noise can be 
defined as unwanted human sound created by different sources and impact the quality of 
our environment and l ife .  The main sources of noise are transportations, specifical ly  motor 
vehicle aircraft noise and rai l .  Also, there are other sources such as: factories, amplified 
music, air conditioners and construction work. The regulation of noise has been started in 
U. in 1 972 under the Federal Noise Control Act (Noise Pol lution, 2006). 
Aircraft noise is  defined by the Wikipedia as sound produced by any aircraft on run-up 
taxiing, take off, over flying or landing. Aircraft noise is a significant concern for 
approximately 1 00 square ki lometers surrounding most major airports. It is a major source 
of noise after that caused by road traffic.  Take off itself can produce a noise level more 
than 1 00 dBA while the airplane i s  sti l l  on the ground. Also, aircraft landing in cities 
results in  a noise level above 1 00 dBA, as landing typically occurs with lower than 60 m 
above roof level (Aircraft Noise, 2006) . 
2.1.2 Fundamentals of Noise 
Sound waves cause alternating pressure changes (compaction and refraction) which are 
then detected by the human ear. Such sinusoidal behaviour is characterized by a period ('t) 
and a wave length (A): 
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1 
'f =-f 
c }. = f 
(2 . 1  ) 
(2.2) 
\\ here, f is th frequenc and c i the sound veloc ity which can be estimated at 1 0 1 . 3 kPa 
u ing c = 20.05 T; \ here c i in m1s and T is temperature in oK. 
The average ound pre sure 0 er time is commonly expressed in terms of the root-mean­
quar (P mls) of the indi idual pressure (P): 
The inten it of sound (1) is expressed as 
1= P!ms 
pc 
where p i s  air density. 
The sound pre sure level is gi en as: 
p2 
L = 1 0  log � ; Po=20 j.lPa P p2 
o 
From the above equation we have (Davis and Cornwell ,  1 99 1 ) :  
2.1.3 Noi e Metrics 
(2 .3)  
(2.4) 
(2 .5 )  
(2.6) 
In general, the sound exposure is determined with reference to a weighting network. There 
are three weighting networks :  A, B, and C. In the A-weighted very low frequencies are 
filtered severely, but hardly filtered in the C-weighted metric .  The fol lowing metrics are 
typically used for expression of noise level : 
A. Sound exposure level for A-weighted (SEL) = LAE 
8 
B. Equivalent stead sound I el (Leq): 
(2.7 
(2.8) 
F r continuou ound event with duration of t each over a period of T 
L,q � 10 10gU � )Ol"" I ) 
L,q � 10 IOg(_1 t lOL"II' ) 
(2 .9) 
(2.10) 
For separate sound e ents like the case with several aircraft at different times within a time 
period T: 
c. Day-night average sound level (Ldn): 
L = 10 10 ( 1 � 1 O(LA,+W)IJO ) tin g 86 400 LJ , I 
(2.11) 
(2.12) 
where, 86,400 corresponds to the number of seconds in 24 hrs and W is denoted the weight 
factor which is taken as 0 for noise events between 7 am-I 0 pm and 10 dB for noise events 
between 10 pm-7 am. 
D. Perceived noise level: 
Typically, the perceived noise level is 13 dB higher than the Sound Exposure Level (SEL). 
The effective perceived noise level (LEPN) is determined from individual perceived noise 
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level with the incorporation of a tone correction parameter (T ) that ranges between 0-6 
dB. 
\vith To =10 ec and t=0.5 sec. 
E. 01 e e po ure foreca t: 
(2.13) 
The noi exposure foreca t (NEF) is defined as (Horonjeff and McKelvey 1994): 
2.1A oi e Mea urements 
(2.14) 
All noi e measures consider the frequency content of the sOUfids the overall sound 
pre sure Ie els and the variation of these levels with time. SOUfid pressure is a basic 
measure of the ibrations of air that make up sOUfid. The levels of sOUfid pressure are 
measured on a logarithmic scale due to the wide range of sOUfid pressures that humans can 
detect. Thus, sOUfid pressure can not be added or averaged arithmetically (BerglUfid et aI., 
1995). 
As defined by BerglUfid et a1. (1995), sOUfid is 'the number of vibrations per second of the 
air in which the sOUfid is propagating '. SOUfid is measured in Hertz (Hz), and varies from 
20 to 20,000 Hz for UfIpaired younger's hearing. The sensitivity of human ear to noise 
varies widely, thus various types of filters or frequency weighting have been used to 
determine the relative strengths of frequency component making up noise. The most used 
one is the A-weighted because it detects low frequencies which are considered more 
important than the middle and high (B and C- weighted) frequencies. Moreover, the A­
weighted frequency is intended to approximate the frequency of a human hearing system 
(BerglUfid et aI., 1995). 
10 
T, pically the LAeq T i u ed to mea ure continuous ounds. The LAeq,T i defined as the 
energy average equivalent Ie el of the -weighted sound over a period T. The use of 
L,o\.max,T and the ound expo ure Ie el ( EL) will be more sufficient for individual event 
a they are good indicator of leep disturbance and other acti ities be ide other practical 
advantage uch a , economy and the benefits of a standardized approach (Berglund et aL 
1995). 
2.1.5 oi e Mea uring Device 
The mo t important component of a sound pressure meter is the microphone which can be 
produced with different de ired sensitivity and frequency response characteristics. The 
quality of the microphone i an important factor to detect the required frequencies level, 
with lower quality microphones are limited to survey type measurements of overall A­
weighted measurements. Most sound pressure devices also are provided with both A- and 
C-weighted response curves. Also most meters include fast (0.125 s) and slow ( 1  s) 
re ponse times. 
ccording to the IEC (1979) standards the pressure meters are classified as type 1 and 
type 2. Type 1 sound meters are expensive and commonly used where more precise results 
are needed. In contrast, type 2 meters are used for broad band A-weighted measurements 
where very high precision in not needed and where very low sound pressure levels are not 
to be measured. Nonetheless all modem sound pressure meters integrate the sound 
pressure for a period of time, leading to an accurate LAeq, T measurements (Berglund et al. 
1995). 
2.2 AIRCRAFT NOISE 
2.2.1 Mechanisms of Sound Production 
The pressure wave which is produced by the movement of different aircraft types Get and 
propeller engine) can produce a sensation of hearing if it is strong enough. Aircraft noise 
can be produced by different sources: 
1. Aerodynamic noise 
2. Engine and other mechanical noise 
3. Noise from aircraft systems 
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erodynamic noi e can be defined as the airflovv' around the aircraft fuselage and control 
surface \\ hich increase with the increa e of aircraft speed and at 10\ altitudes. Low flying 
military aircraft with high peed produces an intense aerodynamic noise \ hich should be 
controlled over residential areas. High exposure to such noise may re ult in hearing 
damage. It hould b noted that the shape of nose, \ indshields or canopy of an aircraft play 
a major role in producing sound. 
Engine nOIse can be found more in propeller aircraft. The helicopter nOIse can be 
con ider d a unique pectral content produced mainly from the main and tail rotors and 
from the main gearbox. 
Different aircraft systems such as, cockpit, cabin pressurisation and conditioning systems 
produce different noise level for both civilian and military aircraft. One of the nosiest 
y tern for jet aircraft is the Auxiliary Power Unit (APU) which is used to start the main 
engines, to provide electrical power on ground. The noise produced by an APU could reach 
1 1 3 dBA (Aircraft Noise, 2006). 
2.2.2 Noise Transfer and Attenuation 
The sound level away from the source will be reduced due to wave divergence according 
to the following equation: 
Lp = Lw - 20 log r - 1 1  
(2. 1 5) 
where, Lp is the sound level at a distance r from the source, Lw is the sound power at the 
source. Note that the derivation of the above equation comes from the fact that 1= W I( 4m2) .  
If the sound level is  not known at  the source but known at  a point (PI ), then the sound 
level at a different point (P2) can be calculated as: 
(2. 1 6) 
There are several factors then need to be considered that could affect the noise level at a 
point including: 
1 2  
a. Directi ity index which is a measure of the directivity of a sound ource in a logarithmic 
[onn. 
b. Effects of difference in air density (p) and sound velocity (c) due to change III 
temperature, denoted as e l .  This is usually determined as: 
pc Ae1 = 1 0 10g - (2. 1 7) 400 
c. ttenuation by ad orption in air due to hwnidity (Ae2).  
d. ttenuation due to rain now and fog (Ae3). 
e. Attenuation due to barriers (Ae4), which ranges between 0-30 dB. 
Meloni and Fischer (2000) carried a field study to investigate 13 different types of noise 
barrier . They found that the acoustic effectiveness of noise barriers is mainly responsible 
for the reduction of annoyance as it can reduce the noise level to by 5 dBA. 
f. Attenuation due to grass and trees (Aes), which ranges between 0-30 dB. 
Vegetation with high density also can attenuate the noise level, thus for example com crop 
has an excess attenuation of 6 dBAJI 00ft. Also, hemlock, pine and brush can reduce noise 
by 5 dBAJI 00ft. The maximwn attenuation depends mainly on the soil permeability to air. 
cattering and ground attenuation is considered to be the main principle factors for noise 
attenuation (Aylor, 1972). 
g. Attenuation due to wind and temperature gradients (Ae6).  
Thus, the above equation can be written with consideration of the above environmental 
conditions as: 
L I = Lp2 - 20 log r2 - 1 1 + DI - (2: Ae, i) p r. I (2.18) 
Note that some of the Ae,1 values could be positive or negative (Davis and Cornwell, 1991). 
13 
2.3 EFF T O F  IRCRA FT 0 1  E 
2.3. 1 Overvie\ 
ivil a"\ iation now a day i considered one of the greatest environmental concerns which 
lead to man different en ironmental problem . Therefore, the International Aviation 
rganization (I ), which has more than 190 memberships, and works with UN bodies, 
ha recently e tabli hed three main en ironmental goals as follows: 
• Limit or reduce the number of people affected by significant aircraft noise; 
• Limit or reduce the ad erse impact of aviation emissions on local air quality · and 
• Limit or reduce the impact of aviation greenhouse gas emissions on the global 
climate. 
The I 0 secretariat in its 2007 en ironmental report stated that: 'Aircraft noise is the 
most ignificant cause of adverse community reaction related to the operation and 
expan ion of airport both in developed and developing countries. This is expected to 
remain the ca e in most regions of the world for the foreseeable future. Reducing or 
limiting the effect of aircraft noise on people and the communities they live in is therefore 
one of ICAO's main priorities and one of the Organization's key environmental goals" 
(ICAO, 2007). In a nutshell the environmental problems associated with aviation 
operations are summarized in Table 2.1. Since the scope of this study focuses on aircraft 
noise, an overview of the problem is given below. 
Table 2.1: Environmental problems/impacts associated with operation of civil aviation, 
(Crayston, 1992; Morrissette, 19961 
Problem Explanation 
Air pollution near the • The aircraft engine emission 
airport • Emission from the airport motor 
• Emission from the other airport sources 
G lobal emission • Long-range air pollution (i .e., acid rain) 
• Greenhouse effect 
• Depletion of ozone layer 
Aircraft noise • Noise in the vicinity of the airports caused by the aircraft 
movements. 
• Engine testing and other noise sources at the airport 
• Noise caused by the aircraft en-route (not including sonic boom) 
• sonic boom caused by supersonic aircraft 
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Aircraft incidenlJaccidents • Accident or incidents involving the passenger death, injury and 
damaging of dangerous goods carried as cargo 
• Other environmental problems that may raise from aircraft 
accidents. 
• Emergency procedures in olving fuel dumping 
Congestion and delays • A irport and en-route congestion and delays 
Airporv Infrastructure • Loss of land 
construction • oil erosion 
• Impact on water tables, river sources and field drainage. 
• Impact on flora and fauna 
Water Soil pollution near • Water pollution caused by inadequate treatment of contaminants 
airports in the airport waste water 
• Water and soil pollution cased by leakage from storage tanks 
A irport waste management • Disposal of environmentally harmful materials used in the 
aircraft servicing and maintenance 
• Disposal of waste from the airport and incoming aircraft. 
As mentioned earlier , aircraft noise is one of the main environmental problems threaten 
the e pansion of airports, As such, Airports Council International, an international body 
representing airports worldwide, recently concluded that "Aircraft noise can be very 
disruptive to the lives of those who live close to airports. The effects are not uniform 
around the world and can be influenced by the type of aircraft that operate at an airport, the 
location and type of housing under a flight path, the hours that an airport operates and the 
number of flights. As airport operations continue to grow their impact on the community 
may also grow" (Noise, 2007). 
Horonjeff and McKelvey (1 994) indicated that the way people perceive the noisiness of a 
sound is dependent on several factors. These factors include the sound level, the varying 
sensitivity of the ear to different frequencies, the frequency of aircraft noise intrusions, the 
time of these intrusions within a day, and the number of intrusions within a period of time. 
Consequently, several metrics of noise have been developed in the last years. 
Quantifying aircraft noise is almost difficult. Nonetheless, many tools and models have 
been developed for such purpose such as MAGENTA. MAGENTA is a Model for 
Assessing the Global Exposure to the Noise of Transport Aircraft. It is a computer based 
model that is used to simulate the number of people who are exposed to significant aircraft 
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n01 e. � GE T A was de eloped by the Committee on viation Environmental 
Protection ( EP) under the IC 0, and its computational core is the Integrated Olse 
ModeJ- INM (M GE TA 2006). 
orne people belie e that noise does not pose a serious health impact. uch perception is 
due to the fact that noise often does not produce visible effects and because there is not 
u ually a distinct cau e-and-effect relationship between noise and health effects. A study 
conducted by ftandilian (1999) showed that noise harms human health and decreases the 
quality of life. 
The American Academy of Paediatrics has released a report in October of 1997 stating that 
"(1) exposure to exces ive noise during pregnancy may result in high-frequency hearing 
10 s in newborns, and may be associated with premature and intrauterine growth 
retardation, (2) exposure to noise in the neonatal intensive care unit (NICU) may result in 
cochlear (inner ear) damage, and (3) exposure to noise and other environmental factors in 
the NICU may disrupt the normal growth and development of premature infants" (A 
Hazard for the Fetus and Newborn 1997). 
Evans of Cornell University and his co-workers in 1995 found that "chronic exposure to 
aircraft noise in elementary school children can raise blood pressure and stress levels and 
cause defects in reading abilities and long-term memory". Other studies showed that 
children exposed to noise from elevated trains and highways at school also perform worse 
on starldardized reading tests than do students at the same schools in quieter classrooms 
(Aftandilian 1999). 
Bronzaft et al. ( 1998) conducted a nOIse survey and found that nearly 70 percent of 
respondents to a questionnaire especially who live inline with flight paths of a major 
airport were bothered by the noise. Also, "subjects who were bothered by aircraft noise 
were more likely to complain of sleep difficulties and more likely to perceive themselves 
to be in poorer health." Other studies conducted by Bronzaft have linked noise to industrial 
accidents, sleep loss, decreased ability to concentrate, and gastrointestinal problems. 
Staudacher of Vancouver's Right to Quiet Society says "By arIy starIdard of health, from 
infarIt mortality to life expectarIcy, statistics will show that people are healthier in quiet 
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areas than in nois ones (all else being equal). The reason I believe, is that noise destroys 
the en e of publ ic peace and tranquillity that nourishe healthy social interaction" 
( ftandilian, 1999). 
2.3.2 Effect of oi e on H u man Health 
It i recognized recently that noise can cause and lead to a serious health impact. As a 
matter of fact, about 120 mi llion of people worldwide have disabling hearing difficulties. 
In Europe, one-third of the citizen are experiencing sleep disturbance as they live because 
of a noi y urroundings. In 1990, 30 million people in the U A were exposed to more than 
85 dB on a dail basis due to occupational noise exposure. In Germany and other 
de"\'eloped countrie about 5 million are armoyed by noise of more than 85 dBA 
( ccupational and Community, 2001). 
Excessive exposure to noise can cause hypertension and ischemic heart disease. Noise can 
also adver ely affect performance in reading, attentiveness, problem solving and memory. 
It was also found that noise above 80 dB may increase aggressive behavior (Occupational 
and Community, 2001 ). 
Specifically, aircraft noise is responsible for a significant health effect on people; this can 
be classified into two categories: (1 ) auditory effects and (2) psychological! sociological 
effects. Auditory effects include hearing loss and speech interference. Psychological 
effects cover armoyance, sleep disturbance, performance effects and acoustical privacy 
(Davis and Cornwell, 1991). 
It is recognized that exposure of high noise level can cause a heart diseases, blood 
pressure, immune deficiencies, neurodermatitis, asthma and other stress related diseases 
(Aircraft noise 2006). 
2.3.2.1 Auditory 
A. H earing Loss or H earing Impairment: This is typically defined as an increase in the 
threshold of hearing. Hearing deficits may be accompanied by tinnitus (ringing in the ears). 
The impairment can occur in a high frequency range of 3,000-4,000 Hz. But with 
increasing LAeq as well as the exposure time, the impairment can occur at lower frequency 
1 7  
(i.e. 2,000 Hz). With lower than 75 dB of LAeq, 8ill hearing impairment is not expected to 
occur. The impairment of hearing is considered as irre ersible occupational hazard and as 
a fact it is estimated that the number of people worldwide having disabling hearing 
difficulties wil l  reach 120 mil lion according to WHO (Berglund et aI., 1995). 
The ational Institute of Occupational Safety and Health (NIOSH) stated that workers 
exposure to the limit defined by line B (Figure 2.1) should be control led, and a new 
insulation should be done for any limits below line A. 
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Figure 2.1: NIOSH noise exposure l imits for continuous or intermittent noise 
exposure (from Davis and Cornwell, 1991). 
B. Speech Interference: this is an interference with communication between people. It is a 
complicated function of distance between the speaker and the listener, as well the 
frequency components of the spoken words (Davis and Cornwell, 1991) as shown in 
Figure 2.2. The WHO defmes speech interference as the inabil ity to understand speech and 
results in a large number of personal handicaps and behavioral changes (Berglund et al., 
1995). 
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Figure 2.2: Quality of speech communication as a function of sound level and distance 
(Miller, 1971). 
2.3.2.2 Psychological/Sociological Effects 
A. Blood P ressure: Noise exposure may have a large temporary, as well as permanent, 
impact on physiological functions of workers people living near airports, industries and 
noisy streets. The WHO indicated that after prolonged exposure, susceptible individuals in 
the general population may develop permanent effects, such as hypertension and ischaernic 
heart disease associated with exposure to high sound levels. The magnitude and duration of 
the effects are determined in part by individual characteristics, lifestyle behaviors and 
environmental conditions. Cardiovascular effects have also been demonstrated for long­
term exposure to different transportation sources (air and road traffic), with a daily average 
noise level of 65-70 dBA (Berglund et al., 1995). 
B .  Mental Illness: It is not yet justified if environmental noise could lead and cause mental 
illness directly. However, noise may accelerate and intensify the development of latent 
mental disorders (Berglund et aI., 1995). 
C. Annoyance: It can be defmed as feelings of mild anger and impatience. Annoyance has 
a base in the unpleasant nature of some sounds, in activities disturbed or disrupted by 
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nOIse. In the ph siological reactions to nOIse, and in response to the meaning of 
"messages' carried by the noise. sound that will not be removed soon may be more 
annoying than one that is temporarily inflicted. Figure 2.3 presents a summary of the 
re ults of interviewing about 7,500 people in an annoyance survey conducted at nine 
airports in the U and Britain by Kryter et al. ( 1971). 
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Figure 2.3: Relationship between exposure to aircraft noise and annoyance (Kryter et al., 
1971). 
D. Sleep Interference: I t  is considered as a special category of annoyance. Unfamiliar 
sounds can disturb more than the alarm of a clock at night, and it is a complicated 
relationship between the quality of sleep and the exposure to sound (Davis and Cornwell, 
199 1). Sleep interference can have primary and secondary effect; the effects during the 
sleep and its effect in the day after the night time exposure. The primary effects cover 
difficulty in falling asleep; awakenings and alterations of sleep stages or depth; increased 
blood pressure, heart rate and finger pulse amplitude; vasoconstriction; changes in 
respiration; cardiac arrhythmia; and increased body movements. Secondary effects include 
reduced perceived sleep quality; increased fatigue; depressed mood; and decreased 
performance. For a good night sleep, the WHO requires a sound level that does not exceed 
30 dBA for continues background noise, with more than 45 dBA that should be avoided 
(Berglund et aI., 1995). 
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E. Effect on Perform ance : Olse at an intensity level sufficient to mask with the 
perception of tasks that in olve auditory signals will interfere 'with the performance of 
these task (Davis and Cornwell, 1 991). However, it is difficult to relate between different 
types/level of noise and their influence on people carrying out different types of tasks 
(Davis and Com ell, 1991). 
2.3.3 E ffects of Noise on Wildlife Anim als 
oise impact on animal is defined as the degree to which the noise disrupts a functioning 
ecosystem. oise has the potential to affect wildlife in a variety of ways varying between 
different types of animals. Research shows that the effects of noise on animals may vary 
with age, sex, season, history of exposure, noise level and its frequency. These effects can 
cause auditory damage, physiological changes, and behavioral alterations (Effect of Noise 
on Animals, 2008). 
2.3.4 Effect of Noise on Buildings 
Due to the high exposure to the overpressure of the sonic booms, supersonic aircraft are 
responsible of the damage that occurs for windows and buildings within the vicinity of 
airports .. Damages to buildings may also be caused by low flying subsonic commercial 
aircraft especially for houses which are inline with the flight path. Assessment of noise on 
buildings can be best performed by considering the response to the structural or window 
panel to a low-frequency broadband noise excitation. This excitation depends on many 
factors including, atmospheric conditions, types of aircraft, and direction, and course 
changes right after takeoff (Cuschieri, 1984). 
2.4 NOISE GUIDELINES 
2.4.1 Local Legislation Related to Noise 
Dubai Municipality (DM) which is considered the local authority for the Emirate of Dubai 
has a Chapter in the Local Order 6111991 which states that "noise should not interfere with 
the peace, comfort and convenience of any person" (Local Order 61, 1991). Technical 
guidelines regarding noise are specified as: 
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Technical Guideline 45 - Requirement for the Control of Entertainment oise "in order to 
comply with the requirements of Article 75 of Local Order 0. 61/91, the noise level when 
measured outside the boundary of the premises should not exceed 55 dBA between 7:00 
am and 8:00 pm and 45 dBA between 8:00 pm and 7 :00 am". A further requirement 
stipulates that noise from any entertainment premises must not be audible inside a 
residential dwelling during normal sleeping hours e.g. 10:00 pm- 6:00 am. 
Entertainment premises should not be located adjacent to any residential premises and car 
parks should be at least 50 meters away. Proper sound-proofing should be employed to 
contain noise within the building. Private celebrations are not allowed in open spaces after 
10:00 pm, unless approved by Environment Protection & Safety Section (EPSS). The 
Regulations also specify requirements for sound limiting devices and loudspeaker 
placement (Teclullcal, 1994). The noise exposure limits at the workplace as set by DM are 
shown in Table 2.2. 
Table 2.2:  Noise exposure limits set by DM (Local Order 6 1 ,  1 991) 
Maximum number of hours 
Sound Level (dB) of e�osure ]Jer workday 
More than 87 but not more than 90 8 
More than 90 but not more than 92 6 
More than 92 but not more than 95 4 
More than 95 but not more than 97 3 
More than 97 but not more than 100 2 
More than 100 but not more than 102 1 .5 
More than 1 02 but not more than 105 1 
More than 105 but not more than 110 0.5 
More than 110 but not more than 1 1 5  0.25 
More than 115 0 
2 .4.2 World Health Organization- WHO 
Table 2.3 presents the WHO guideline values for community nOIse ill specific 
environments. The guideline values display both temporary and long term impairment 
effects of physical, psychological and social nature that are associated with noise exposure. 
Specific noise limits have been set for each health effect, using the lowest noise level that 
produces an adverse health effect (i.e. critical health effect). Most of these guidelines are 
applicable to the general popUlation. The time base for LAeq for "daytime" and "night-time" 
is 1 2-16 hours and 8 hours, respectively. Other time bases are recommended for schools, 
preschools and playgrounds, depending on activity. On the other hand, no time base is 
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given for e enings. However, it is usual ly taken as 5- 1 0  dBA lower than in the daytime 
(Berglund et aI . ,  1 995). 
General ly it is not enough to uti l ize the averaged energy summation of LAeq for assessment 
of the noise en ironment. But of importance are the maximum values of noise fluctuation, 
the number of noise e ents, and a separate characterization of night-time noise exposures. 
For low frequency noise components, lower guideline values should be used. 
upplementary to the guideline values given in Table 2.3 , prevention and precautions 
should be taken for the most affected groups and for noise of certain character (Berglund et 
al. 1 995). 
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Table 2 .3: Guideline values for community noise in specific environments (Berglund et 
aI . ,  1 995) 
LAmax 
LAeq Time fast 
Specific Environment Critical health effect(s} (dBA) base (hr) (dB) 
Outdoor I i  ing area 
Serious annoyance, daytime and evening 55 1 6  -
Moderate annoyance, daytime and evening 50 1 6  -
Dwelling, indoors Speech intell igibility & moderate 
annoyance, daytime & evening 35 1 6  
Inside bedrooms Sleep disturbance, n ight-time 30 8 45 
Outside bedrooms Sleep disturbance, window open 45 8 60 
(outdoor values) 
School c lass rooms Speech intel l igibil ity, 35 During -
disturbance of information extraction, 
& pre-schools, indoor message communication c lass 
Pre-school Sleep disturbance 30 Sleeping-
bedrooms, indoor time 45 
School, pIa ground Annoyance (external source) 55 During -
outdoor play 
Hospital, ward Sleep disturbance, n ight-time 30 8 40 
rooms, indoors Sleep disturbance, daytime and evening 30 1 6  -
Hospitals, treatment Interference with rest and recovery a 
rooms, indoors 
Industrial, Hearing impairment 70 24 1 1 0 
commercial shopping 
and traffic areas, 
indoors and outdoors 
Hearing impairment (patrons:<5 
Ceremonies, festivals times/year) 1 00 4 1 1 0 
and entertainment 
event 
Public addresses, Hearing impairment 85 1 1 1 0 
indoors and outdoors 
Music and other Hearing impairment (left-field value) 85d 1 1 1 0 
sounds through 
headphones/earphones 
Impulse sounds from Hearing impairment (adults) - - 1 40 b 
toys, fireworks and 
1 20 b Firearms Hearing impairment (children) - -
Outdoors in parkland Disruption of tranqui l l ity c 
and conservations 
areas 
a As low as possible. 
b Peak sound pressure (not LAF, max) measured 1 00 mrn from the ear. 
C Existing quiet outdoor areas should be preserved and the ratio of intruding noise to natural background 
sound should be kept low. 
d Under headphones, adapted to free-field values. 
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The most recent guidel ines for community noise were published by the WHO in 2000. The 
WHO guidel ines state that "Annoyance to community noise varies with the type of activity 
producing the noise. During the daytime few people are seriously annoyed by activities 
with Leq levels below 55 dBA; or moderately annoyed with Leq levels below 50 dBA. 
ound pressure level during the e erring and night should be 5 - 1 0  dBA lower than during 
the day 
The WHO guidelines also state that "measurable effects on sleep start at background noise 
levels of about Leq of 30  dBA and that, where the noise is continuous, the equivalent sound 
pressure level should not exceed 30 dBA indoors, if negative effects on sleep are to be 
avoided. If  the noise is not continuous, Lmax and SEL are used to indicate the probabi lity of 
noise-induced awakenings. Effects have been observed at individual Lmax exposure of 45 
dB or less. Consequently, it is  important to l imit the number of noise events with an Lmax 
exceeding 45 dBA". Therefore the guidelines should be based on a combination of values 
of 30  dB Leq and 45 dB Lmax. 
It should be noted that the WHO guideline l imits refer to internal noise within bedrooms. 
In order to covert these l imits to external levels, it is necessary to add the attenuation from 
a facade. Table 2 .4 presents the attenuation from some typical facades and the 
corresponding external noise l imits (WHO, 2000). 
Table 2.4: Typical sound transmission loss through glazing systems and corresponding 
external noise l imit (WHO, 2000) 
G lazing type Difference between Corresponding external 
internal and external noise l imit (elBA) 
noise level (elBA)l Leq Lmax 
Any type of window partially open 1 0- 1 5  40-45 55-60 
Single glazing 28 5 8  7 3  
Thermal double glazing 33  63  78 
Secondary gJazing 34 64 79 
Values taken from Planrung Pollcy Gwdance 24 ( 1 994) 
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2.4.3 Occu pat ional afety and Health Ad ministratio n 
The Occupational afety and Health Administration (0 HA) has set the occupational 
noise-exposure limits as mentioned in Table 2 . 5  
Tab le 2.5 :  OSHA noi e exposure limits for the work environment (Canter, 1 996) 
Noise (dB A) Permissible exposure time 
85 1 6  hr 
87 1 2  hr 6 min 
90 8 hr 
93 5 hr 1 8  min 
96 3 hr 30 min 
99 2 hr 1 8  min 
1 02 1 hr 30 min 
1 05 1 hr 
1 08 40 min 
1 1 1  26 min 
1 1 4 1 7  min 
1 1 5 1 5  min 
1 1 8 1 0  min 
1 2 1  6 .6 min 
1 24 4 min 
1 27 3 min 
1 30 1 min 
Note: Ex osures above or below the 90 dB limit have been "time p weighted" to give what OSHA believes are 
equivalent risks to a 90 dB eight-hour exposure. 
2.4.4 Federal Aviation Administration 
The Federal Aviation Administration (FAA) has set guidelines for the land-use zoning and 
associated noise levels as shown in Table 2 .6 .  
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Table 2.6:  Noise and land-use compatibil ity guidelines (FAA, 1 983) 
Yearly day __ night average sound level DNL, dB 
Below 
65 65-70 70-75 75-80 80·85 Over 85 
Re idential u e 
Residential other than mobile 
homes and transient lodgings y *  N N N N 
Mobile home park Y N N N N N 
Transient lodgings Y N N N N N 
Pu bl ic u se 
chools Y N N N N N 
Hospitals and nursing homes Y 25 30 N N N 
Churches, auditoriums, and 
concert halls Y 25 30 N N N 
Government services Y Y 25 30 N N 
Transportation Y Y Y Y Y Y 
Parking Y Y Y Y Y N 
Com mercia l  u se 
Offices, business and 
professional Y Y 25 30  N N 
Wholesale and retail-bui lding 
materials, hardware, and 
farm equipment Y Y Y Y Y N 
Retail trade-general Y Y 25 30  N N 
Communication Y Y 25 30 N N 
Manufacturing and production 
Manufacturing, general Y Y Y Y Y N 
Photographic and optical Y Y 25 30  N N 
Agriculture (except l ivestock) 
and forestry Y Y Y Y Y Y 
Livestock farming and breeding Y Y Y N N N 
Min ing and finishing, resource 
production and extraction Y Y Y Y Y Y 
Recreat ional  
Outdoor sports arenas and 
spectator sports Y Y Y N N N 
Outdoor music sheils, 
amphitheatres Y N N N N N 
Nature exhibits and zoos Y Y N N N N 
Amusements, parks, resorts 
and camps Y Y Y Y Y Y 
Golf courses, riding stables, 
and water recreation Y Y 25 30  N N 
Y (yes) Land use related structures are compatible without restrictions 
(no) Land use and related structures are not compatible and should be prohibits. 
25 , 30, or 35  Land use and related structures generally compatible; measures to  
achieve outdoor-to-indoor noise level reduction of 25,  30, or 3 5  dB must 
be incorporated into design and construction of structure. 
There are special provisions pertaining to many of the compatibility designations that are not included here, 
refer to FAR part 1 50[60] for details. 
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2.5 R E VI EW O F  P RE V I O US STU D I ES 
Arafa et al . (2006) evaluated the noise level due to aircraft movement at Hurghada Airport, 
Egypt. The authors carried out extensive field measurements of aircraft noise at key 
locations in the city, including points lying wjthin the premises of the airport. The aircraft 
noise was al so model led using the Integrated Noise Model (JNM) in order to simulate the 
current and future noise levels based upon the anticipated steady increase in flight 
operations. Based on the actual measurements and computer simulation, noise mitigation 
schemes were suggested to alleviate current and future impacts. 
Mato and Mufuruki ( 1 999) investigated the noise impacts associated with the operation of 
the Dar es Salaam International Airport in Tanzania. Field measurements were carried out 
to determine noise levels at various positions at the airport during aircraft landing and take­
off. The surrounding residents' perceptions on the noises were also investigated using 
semi-structured interviews. The authors concluded that workers on the apron, house 
keepers, security workers, and mechanics are exposed to noise levels that could affect their 
health. The noise levels in the surrounding settlements were higher than the WHO 
recommended limits and cause annoyance to residents. The use of appropriate ear 
protectors by the workers was found to reduce the noises to harmless levels. The authors 
recommended periodical audiometric tests of  the workers in order to monitor the noise 
impacts. They also suggested enforcement of appropriate environmental regulations on the 
airliners to reduce noise pollution at the airport. 
Ignaccolo (2000) conducted a study to analyze the environmental compatibility of Catania 
Fontanarossa Airport using the INM software. The authors formalized the relationship 
between the four principal factors determining aircraft noise nuisance : level of noise, 
composition, number of operations per day and affected surface. The authors constructed 
abacuses showing the trend of each of the four factors, as the others vary. These abacuses 
can help in airport planning and management by providing a simple and quick way to 
handle environmental concerns especially for computing environmentally based 
landing/takeoff fares imposed on aircraft. 
Recently, an unpublished study was carried out by Dome International Company for Dubai 
Municipality entitled "Noise Assessment in Dubai 2004". The study included assessment 
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of noi e Ie els at DIA. However, the results are considered classified. Dome concluded 
that a detailed tudy of aircraft noise and mitigation steps should be carried out for DIA. It 
should be indicated that no study was conducted to assess noise pollution at DIA during 
the planning phase. 
2.6 M I T IGAT I ON M EASU R E  
A proper mitigation of noise covers taking an action to reduce the noise at the source, in  
the transition path of flight in between the source and the affected areas, and at points 
where people are affected. In the case of aircraft noise, noise mitigation includes three 
dimensions as stated below: 
i. Making aircraft quitter by introducing more restrictions on the use of noisier 
aircraft. 
i i .  Operational measures by adapting aircraft operational procedures (departure and 
arrival) to minimize community exposure to high noise level. 
i i i .  Land use planning 
The scope of this research will only focus on the later two. 
2.6. 1 Operational  meas u res 
It is a primary focus worldwide to reduce the noise at source, either through certification or 
restricting noisy aircraft. There is  an interest for alleviating the noise impact of the 
surrounding communities by introducing noise abetment procedures and measurements 
\vithout affecting safety. To achieve this, the physical layout of the airport and 
surroundings plays a major role. At many airports, aircraft use standard operating 
procedure for take off and initial c limb which are designed to reduce the noise level . It i s  
also recommended that airlines preferably minimize the take off and landing altitudes on 
high density areas. 
2.6.2 Land use pla n n i n g  
Land use planning can play an effective role in  maintaining compatible activities. By 
introducing a new land zoning around the airport, the number of affected people will drop 
and this will insure that the reduction of noise for the latest generation of aircraft are not 
offset by the new growing residential surrounding of the airport (ASD, 200 1 )  
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CHAPT E R  3 
DATA COLLEC T I O N  A N D  M ETHO D OLOGY 
In carrying out this study, se eral types of data were collected. The first category included 
airport and study area description, activity data fleet mix, database selection, runway use, 
flight profiles, fl ight tracks, and assignment of aircraft to flight tracks. The data set fel l  into 
two main categories: noise level measurement at and in the vicinity of the airport and input 
data for the selected model ling software. This chapter provides a detai led description of the 
col lected data which were necessary to obtain the results presented in Chapter 4 and 5 .  
3.1 S I TE DESC R I PT I ON 
3.1.1 Location and Surroundings 
DIA i s  located 4 km away from the centre of the c ity of Dubai . The initial airfield 
consisted of a l ,800-m compacted runway, an apron area, a small but adequate terminal 
building and a fire station (About DIA, 2006). The current layout of DIA is presented in  
Figure 3 . 1 .  
Today, DIA is one of the fastest growing airports i n  the world.  The airport became the hub 
of the Middle East by being at the threshold of the top 1 0  airports. The government of 
Dubai has set a major expansion plan costing almost US$ 4. 1 bill ions for DIA and its 
affiliated divisions in  order to tum the DIA to be the most user friendly and efficient 
airport and to maintain the position of the Emirates as the aviation and business hub of the 
region (New Proj ect, 2006). 
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Figu re 3. 1 :  Layout of DIA, base map 2007 (Dubai Municipal ity GIS Centre 2007, 
personal communication). 
Figure 3 .2  shows the terrain elevation of DIA and its surrounding areas. The elevation of 
DIA land is 2 m above the mean sea level . Most of the surrounding areas have the same 
elevation as DIA.  Thus, no impact of elevation would be expected in the noise simulation 
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Figure 3.2: DIA terrain elevation (personal communication, Dubai Municipal ity GIS 
Centre, 2007) 
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Figure 3 . 3  present the main communities surrounding DIA with the total population 
announced in 2006. The map hows many residential areas (population of each area is also 
hown on the figure) around the airport, beside the commercial areas such as Al Gharhoud 
Port aeed and 1 Khabai i .  
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Figu re 3.3: Communities and population distribution around DIA as of 2006 (personal 
communication, Dubai Municipality GIS Centre, 2007). 
32  
3.1.2 Meteorological Co nditi o n  
Dubai as  al l other part of the Emirates has fluctuated weather conditions which ary 
throughout the year. As it can be seen in Figure 3 .4 the coolest month in the year is 
January and the hottest month is August with a temperature of about 40 °C . The average 
temperature throughout the year is about 30  °c. Temperature may play a key role in the 
distribution and transfer of emitted noise as the noise level wil l  differ from summer to 
winter time when the temperature is low. Several cases were numerically explored to 
assess the impact of this factor on noise distribution at DIA as will be explained in Chapter 
4.  
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Figu re 3.4: Temperature, air pressure and humidity at DIA during 2006 (data from DIA 
meteorology Office- personal communication). 
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As a result of temperature fluctuation, air pressure varies as wel l .  Figure 3 .4  shows that as 
the temperature increases the air pre sure decreases with the highest air pressure occurs in 
the months of December and January. On the average the air pressure at DlA is about 
1 009 mbar. It should be indicated that the air pressure value is one of the input parameters 
in the INM. 
Humidity depends on the air density with humid air  is less dense than dry air because a 
molecule of water weighs less than molecules of nitrogen and oxygen. Figure 3 .4 displays 
the humidity at Dubai during 2006. Humidity in Dubai could reach almost 1 00% at certain 
times of the year and could drop to as low as 1 0% at other times. On the average, however, 
humidity is about 50%. 
Figures 3 . 5  hows the wind direction and speed at DlA. Wind direction fluctuates 
significantly during the year but mostly is about 2000 from the north. Wind direction is a 
key parameter in  directing the flight operation either from west or east at DIA. Wind speed 
does not fluctuate as much as the wind direction but could reach as high as 22 knots on 
certain days. On the average, however, the wind speed is about 8 knots. 
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Figure 3 .5 :  Wind direction (top) and speed (bottom) at DIA during 2006 (data from DlA 
meteorology Office- personal communication). 
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3. 1. 3  R unwa 
DIA consists of two parallel runways 1 2L130R and 1 2RJ30L. As shown in Figure 3 .6, the 
two runways were operational up to March 2005. In Apri l 2005 one of the runways 
( 1 2RJ30L) was c losed for reconstruction and relocation as it was shifted to the west and the 
width of which was increased to 500 m to accommodate the new operation volume and 
new aircraft sizes (i .e. A3 80). In August 2007 the runway 1 2RJ30L was opened as a single 
runway for the purpose of departure onJy. 30L is sti l l  under testing. However it was 
planned to use the new runway 1 2RJ30L in full  operation for certain time of the day in 
order to do maintenance of the old runway. 
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Figu re 3.6 : Schematic of the DIA runways reflecting the development over the years 
Table 3 . 1  provides the characteristics of the two runways at DIA, while Figure 3 . 7  shows 
the threshold  elevations and slopes of the runways. 
Table 3. 1 :  Physical characteristics of the runways at DIA (DIA, Air Traffic Control (ATe) 
Office, 2007) 
Bearings Coordinates 
Designations r MO Runway length (m) 
25 1 522.28N 
1 2R 1 22 1 20 1 2L130R 0552 1 29.90E 
5 1 407.05N 
30L 302 300 4447 x 60 0552345 .59E 
25 1 559.44N 
1 2L 1 22 1 20 1 2RJ30L 0552049. l 9E 
25 1 45 1 .66N 
30R 302 300 4000 x 60 055225 1 .42E 
Note: TO is  True Beanng (or degrees True) whIch IS measured ill relatIOn to true north, that IS, usmg the 
direction toward the geographic north pole as a reference. MO is magnetic Bearing (or degrees Magnetic) 
which is measured in relation to magnetic north, that is, using the direction toward the as a reference. 
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The two runways 1 2L/30R (old) and 1 2RJ30L (ne ) are constructed of asphalt. Also, the 
stop way surface is asphalt. 
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Figu re 3.7: Threshold elevations and slopes of the runways at DlA (DIA, ATC Office, 
2007). 
3.2 NOI SE M O D E LI NG 
The Integrated Noise Model (INM) version 6. 1 is used in this study for noise modell ing. 
The INM model is developed by the FAA Office of Environment and Energy. It is widely 
used by the civil aviation community for evaluating aircraft noise impacts in the vicinity of 
airports (INM Manual, 1 996). The INM simulates the noise exposure levels based on 
current flight operation. It also can uti lize to predict future noise levels by considering 
future growth rate of aircraft movement. When the calculations are made in a consistent 
manner, the INM is a valuable tool for comparing "before-and-after" (Arafa et aI., 2006). 
Other aircraft noise modell ing software exists including NOISIM. The model combines a 
flight simulator, a noise model, and a Geographic Information System (GIS) to create a 
rapid prototyping environment in which the user can simulate an aircraft' s  operation in 
existing and potential guidance and navigation environments, while  simultaneously 
evaluating the aircraft's  noise impact (Clark, 2003). 
Furthermore, the ISA has designed and developed the ENHANCE tool for 
EUROCONTROL Experimental Centre. It combines a noise model l ing database, which is  
directly related to airlines fleet mixes and operations conditions. It depends mainly on a 
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clear architecture plan hich supports easi ly the integration between the noise engine 
model and the studies scenarios. The software use different source of data such as: 
simulator data, radar data and meteorological data. It depends mainly on an existing noise 
contour simulated by a noise software such as the INM (ENHANCE, 2007) . 
The INM model inputs includes:  flight track infonnation, aircraft fleet mix, standard and 
user defined aircraft profiles, terrain runway configuration, flight track locations, aircraft 
fleet mix stage length (trip length) for departures, and numbers of daytime and night time 
operations by aircraft type, al l this are used to produce noise contours which can be easily 
extracted and uti l ized using the software of Geographic Infonnation Systems. It simulates 
the predicted noise level to a certain defined areas, sites and location points (Noise 
Glossary, 2008). 
The INM database contains a large number of aircraft types with an associated standard, 
internal noise performance. This data are used to determine the Sound Exposure Level 
(SEL) for certain aircraft considering the thrust and the distance from the source. The 
model defines the length of the takeoff rol l ,  cl imb rate, speed and thrust management for 
both departure and arrivals (Horonjeff and McKelvey, 1 994) . 
Operational input data required by the INM are generally difficult to obtain as they are not 
routinely gathered and collected. This problem is considered one of the obstacles in this 
study. Meanwhile, many airports started to obtain new procedures for specific data 
collection. Operational inputs describe activity at the airport by using average values 
during the period of the interest, and they include the fol lowing: 
1 .  Physical description of the airport runways, including any displaced takeoff or 
landing thresholds. 
2 .  Runway utilization percentages. 
3 .  Number o f  the aircraft operations by aircraft types for all noise significant aircraft 
types in the fleet mix. 
4.  Day-night spl i t  of operations by aircraft type. 
5 . Flight corridor (tracks) description. 
6. Flight corridor utilization percentages .  
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The INM produces two forms of output contour maps of equal day-night average sound 
level and detai led tabular analyses for user-specified ground locations (Horonjeff and 
McKel ey, 1 994). On the other hand, the INM is designed to estimate long-term average 
effects using average annual input conditions. Because the INM is not a detai led acoustics 
model differences between predicted and measured values can and do sometimes occur 
because important local acoustical variables are not averaged, or because complicated 
physical phenomena are not expl icitly modeled (INM Manual, 1 999). 
Al l pertinent airport information needed to simulate noise level at DIA was collected, 
including airport designation, runway identifiers and their coordinates, airport elevation 
and reference temperature. The airport currently (2006- mid 2007) has one runway, 
designated with identifiers 1 2L-30R. Fl ight tracks were identified in accordance with the 
actual radar tracking system. 
3.3 F L E ET MIX A N D  F L I G H T  PATH S  
3.3. 1 C u rrent a n d  A n ticipated Fleet Mix 
Since 1 992 the growth rate of aircraft at DIA has been exponential . A total of 60,880 
aircraft came in and out in  1 980 compared to 1 34, 1 65 aircraft in 200 1 ,  which means that 
the capacity more than doubled in 20 years. Aircraft movement is expected to increase 
further in the coming 20 years, supported by the construction of the new terminal . During 
2004 the typical aircraft movements were approximately 500/day, while in 2006, it 
increased to 650/day. Figure 3 . 8  presents the monthly growth of aircraft movements at 
DIA within the last 1 0  years. While there is a noticeable annual growth, there is no 
seasonal variation in aircraft movement within the year. 
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Figure 3.8 : Monthly growth of aircraft movement at DIA during 1 997-2007 (Data from 
ATC, 2007) 
As announced recently, DIA was ranked as the world's  fastest growing airport for the year 
2007 with a growth rate in the passenger number reaching 1 9 .3%. This covers 34.34 
million passengers, slightly beyond the projected (33 million) increase. 
This increase indicated that in the past sixth years DIA has maintained a growth rate of 
1 5%.  The month of August of 2007 has recorded the highest growth in passengers at 3 .28 
million. In October 2007, DIA has reached the highest growth of 29.9%. The average 
passenger movement per day was 95 ,000 for 2007. The overall growth in aircraft 
movement in 2007 was 9.8% with a daily average of 725 aircraft movement. 
HH Sheikh Ahmed bin Saeed Al Maktoum, President of Dubai Civil Aviation Authority 
(DCAA) and Chairman of Dubai Airports, said "DIA's growth is a reflection of Dubai ' s  
robust economy, and its rising popularity as  an international commercial and tourism hub. 
Passenger throughput at DIA is expected to reach 40 million in 2008 ." Paul Griffiths, CEO 
of Dubai Airports, indicated "While the airport' s  record growth in 2007 is an 
accomplishment, it is  also the source of the many future challenges". Mohammed Ahli, 
Director General of Dubai Civil Aviation Authority, and CEO, Air Traffic Services CATS), 
indicated that "In 2007 the list of airlines serving Dubai rose to 1 20, seven more than in 
2006, while the network now has 205 destinations". 
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In summary, the total scheduled airlines in 2007 at DIA were 1 20 and the total destinations 
were 205.  The average dai ly aircraft movement was 725 with an average daily passenger 
movement of 95 .000. The total parking bays reached 1 37 (Dubai International 2008) 
Communication with Emirates Airline reveals that the anticipated annual growth rate in 
aircraft movement at DIA between 2006 and 20 1 0  is 1 0 .4%. Projected aircraft movement 
after 20 1 0  is hea ily dependent on how Dubai World Central at Jebel Ali develops and the 
corresponding Ie el of congestion in Dubai . Nonetheless the anticipated annual growth 
rate in aircraft movement between 20 1 0  and 20 1 5  is 3 . 5% (Personal Communication, 
Ghaith Al Ghaith, Executive Vice President, Commercial Operations Worldwide, Emirates 
Airline, Apri l 2007). Based on this the projected dai ly aircraft movement at DIA from 
2006 to 20 1 4  is  shown in Figure 3 .9. Such an increase in aircraft movement will result in 
an increase in the noise level at the surrounding areas. 
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Figure 3.9 : Projected average daily aircraft movement at DIA (data from Emirates airline, 
personal communication, 2007) 
3.3.2 Aircraft Types at  D I A  
DIA receives different types of aircraft that vary from small passenger aircraft to big cargo 
aircraft. Figure 3 . 1 0  shows the average percent distribution of all aircraft types. Scheduled 
passenger aircraft accounts for 73% of the total flight and scheduled cargo is about 1 0% of 
the total . 
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Figure 3.10: DIA aircraft types in percentage (data from DIA ATC Office, 2007. 
3.3.3 Runway Use 
The current operation in DIA (2006 and mid of 2007), as shown in Figure 3 . 1 1 ,  depends on 
runway 1 2L130R; the Air Traffic Control uti l izes 30R direction most of the time (about 
65%). However, 30R is used mainly for arrival 65% and only 35% for departure. On the 
other hand. 1 2L is used for departure operation most of the time 65% and for arrival about 
3 5%. As explained in Section 3 . 1 . 3 ,  the new runway ( 1 2RJ30L) started in August 2007 by 
using only 1 2R for departure and splitting equally the volume on 1 2L .  
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Figu re 3.11: Usage of runway 1 2L130R during Jan- Feb 2007 (data from DIA ATC Office, 
2007). 
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3.3.4 hoo ing a Rep re enta tive Day 
As indicated before there i no seasonal variation in the flight volume within the months of 
the year however there are fluctuations in the daily number of movement during any 
month within a year as shown in Figure 3 . 1 2 . By analyzing the data and calculating the 
average readings for all the months over one year, the average dai ly movement during 
2006 was 650. For the purpose of modell ing the noise level due to aircraft movement, a 
representative day of the year needs to be selected. The representative day should reflect 
the average aircraft movement throughout the year. Since the fleet varies daily, three days 
were chosen to determine a representative day over the year as shown in Table 3 .2 .  The 
three days were chosen quarterly to co er the summer and winter time of the year. The 
a erage dai ly mo ement during the selected days was close to the average dai ly movement 
during the year. Based upon actual records of flight operations at DIA in the basel ine years 
2006-2007, it was possible to identify the fleet mix and to calculate the average dai ly 
flights and type of operation, including departure/arrival time and track, for each type of 
aircraft. 
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Figure 3. 1 2 :  Daily aircraft movement at DIA during 2006, (data from DIA ATe Office, 
2007). 
For each day a detailed flight record was obtained. Each aircraft movement was assigned a 
flight interval (daytime, evening and night time). All similar aircraft with a similar 
movement (arrival or departure) were then grouped together. The records for the three days 
were then compiled together to obtain an average movement (one for arrival and one 
departure) of each type of aircraft. 
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Table 3.2 : Days considered for the selection of a representative day (data from DIA ATC 
Office, 2007) 
M o n th A vera_ge dail� movement Represen t ative day 
Apri l,  07 650 Day 4 
August, 06 629 Day 1 9  
December, 06 694 Day 1 1  
The number of each type of aircraft using a runway end for either arrival or departure was 
then determined as shown in Figure 3 . 1 3  based on the percentage runway usage estimated 
before ( i .e .  35% for 1 2L and 65% for 30R). Each fl ight was then given a flight track based 
on the Standard Instrument Departure (S ID), and Standard Instrument Arrival (STAR) 
which is explained in detai ls in the coming section. 
About 80 different types of aircraft operate at DIA; with Airbus 330-200 has the greatest 
share in flight operations followed by Boeing B777-300. In order to reduce the number of 
aircraft types, aircraft with similar noise identifier were grouped in one aircraft type, Later 
the availability of each one in the system of INM software was checked as well as its 
substitution aircraft. Russian aircraft AN24 and AN72 were replaced by AN 1 2  after 
multiplying them by 1 /3 and 213, respectively, Next, the AN 1 2  was compared with the 
available aircraft and it was found that it is 5% nosier than A320 (ATC, 2007) Table 3 . 3 .  
Aircraft vv'ith small fraction contribution were not considered, A s  a result we end up with 
45 aircraft types. It should be noticed that it is possible that more than one aircraft type on 
the list could have the same aircraft substitution, Appendix A. 
T 1 3 3  ft a b  e . : Aircra types at DIA d h 
. 
d ' h 'd  ' fi  an t elI groupmg accor mg to t e nOIse 1 ent! rer 
Total Total Noise 
NO AlC Dep. AIr. Original Identifier Substitution Comments 
70% of A3 1 9  
AN 1 2  1 1  0 NA - or ATR72 Substitution from ATC 
1 /3 *AN 1 2  or 
AN24 1 0 NA - FK50 Substitution from A TC 
2/3 * AN 1 2  or 
1 AN72 1 4  1 6  NA - YK42 Substitution from A TC 
C2 1 1 NA - V inking Cancelled 
2 C208 1 1 NA - DH6IFK50 cancelled 
I -ENG VP 
3 BE33 1 0 AV PROP GASEPV INM Manual 
4 MD 1 1  9 1 0  AV 2CF680D INM Manual 
MD82 5 4 AV 2JT8D2 INM Manual 
5 MD83 5 5 AV 2JT8D2 MD82 INM Manual 
T l 54 7 7 AV 3JT8D 727 D 1 7  INM Manual 
6 YK42 8 8 AV 3JT8D 727- 1 00 INM Manual 
CL60 3 1 AV ALF502L INM Manual 
7 E l 3 5  2 5 AV ALF502L CL600 INM Manual 
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PA44 1 1 AV ALF502R INM Manual 
A30B 1 0  1 1  AV CF6-50C2 INM Manual 
8 A3 1 0  48 48 AV CF6-50C2 A3 I O  INM Manuai 
9 DC l O I O  4 4 AV CF6-6D INM Manuai 
CF6-
A306 6 6 AV 80C2A5s Substitution from ATC 
CF6-
A332 1 74 1 74 AV 80E I A2s Substitution from A TC 
CF6-
1 0  A333 14 1 3  AV 80E I A2s A3 1 0  Substitution from A TC 
B733 1 9  1 2  AV CFM563B l INM Manual 
1 1  B734 3 3 AV CFM563C l s  B733 INM Manual 
A3 1 9  3 2 AV CFM56-5As INM Manual 
A320 74 74 AV CFM56-5As INM Manual 
1 2  A32 1 1 5  1 6  AV CFM56-5As A320 INM Manual 
A342 2 1 AV CFM56-5C INM Manual 
A343 26 25 AV CFM56-5C INM Manual 
A345 1 2  1 8  AV CFM56-5C INM Manual 
1 3  A346 9 3 AV CFM56-5C DC870 INM Manual 
1 4  B73 8 34 3 1  AV CFM56-7 A320 ATC 
H25A 0 1 AV CJ6 1 0  HS 1 25 
1 5  H25B 5 2 AV CJ6 1 0  LEAR25 Simil ar to H S 1 25 
AT72 1 4  1 3  A V  DART INM Manual 
1 6  F27 3 2 A V  DART HS748A INM Manual 
1 7  B772 62 6 1  A V  GE90-76B INM Manual 
C560 1 2 AV JT l 5D INM Manual 
1 8  C56X 2 3 AV JT l 5D MU300 1 INM Manual 
Advance of 707 INM 
B703 1 1 A V  JT3 D-3s Manual 
DC86 0 2 AV JT3D-7 INM Manual 
1 9  IL76 6 8 A V  JT3DQ DC8QN INM Manual 
B722 20 1 8  AV JT8D- 1 7Rs 727-200 INM Manual 
20 B732 1 7  24 AV JT8D- 1 7Rs (727RR) INM Manual 
B737 1 0  8 AV JT8D-9 INM Manual 
DC93 3 3 AV JT8D-9Q INM Manual 
2 1  DC94 0 1 AV JT8D-9Q DC9Q9 INM Manual 
B742 3 5  36  AV JT9D-7 INM Manual 
B74S 1 1 A V  JT9D-7 INM Manual 
22 B743 6 7 A V  JT9D-7Q 747-200 B INM Manual 
23  B762 0 1 AV JT9D7R4D INM Manual 
24 B74 1 1 1 AV JT9DBD INM Manual 
25  F I 00 1 4  1 4  A V  Mk 650 1 5  T l 34 INM Manual 
Mk.620 
26 F72 0 2 NA turbofans. DH380 Substitution from ATC 
B 1 90 1 1  1 4  A V  PT6A-27 DHC6 INM Manual 
27  BE20 6 3 AV PT6A-27 DHC6 INM Manual 
F50 25 1 4  AV PW 1 20 DHC830 INM Manual 
28  FA50 2 1 1  AV PW 1 20 DHC830 INM Manual 
29 B752 1 0  1 1  AV PW2037 INM Manual 
30  B744 39 39  AV PW4056 INM Manual 
3 1  B763 23 24 AV PW4060 INM Manual 
3 2  B773 1 03 1 05 AV PW-4090 A332/ A3 1 0  Substitution from A TC 
3 3  L I O I  1 1 AV RB2 1 1 2 INM Manual 
34 TI04 1 1 AV RR53 5 E  7 5 7  R R  INM Manual 
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3 5  P28A 1 7  1 7  AV SEPFP GASEPF IN1v1 Manual 
36 C 1 30 3 2 AV T56-A- 1 5  C 1 30AD, IN1v1 Manual 
37  LJ60 2 1 AV TFE73 1 2  LEAR35 IN1v1 Manual 
38  C650 0 I AV TFE73 1 3  C ITJ INM Manual 
39 F900 4 1 AV TPE33 1 CNA44 1 INM Manual 
40 MD90 6 6 AV V2525 MD9025, INM Manual 
4 1  G550 0 1 NA Cancel led 
GLF4 5 3 AV Substitution from A TC 
42 GLF5 2 1 AV LJ60/lear35 Substitution from A TC 
43 JS4 1 1 1 AV BE 1 900 Cancelled 
44 L l OO 1 1 AV C 1 30 Cancelled 
45 M902 4 4 AV C208 Substitution from A TC 
3.3.5 A i rcraft Flight T racks 
For DIA, five main departure tracks and two arrival tracks were considered using Jeppesen 
map. The average percentage of the flight volumes was also considered. However, the 
aircraft usually deviates from the designated track path. Due to the stochastic nature of the 
distribution of this spreading, together with the fact that the INM in i ts present form 
accepts well-defined routes, the fl ight tracks considered in the present study were taken as 
the primary ones, as identified by the radar tracking system. As a result, slight deviation 
wil l  cause a smearing of noise contours which will affect the overall noise contour map as 
it wil l  be shown in the next chapter (Arafa et aI . ,  2006). 
3.3.5. 1 Standard I nstrument Departu re 
Standard Instrument Departure (SID) is  a designated instrument fl ight rule (IFR) departure 
route l inking the aerodrome or a specified runway of the aerodrome with specified 
significant point, normally on a designated air traffic system (ATS) route, at which en­
route phase of a fl ight commences (personal communication with ATe, 2007). Table 3 .4 
presents the specific departure tracks used at DIA which have been extracted from the 
flight system for two days; 25 and 26 May 2007 These two days represent the operation 
under the current situation which is also used in 2006 It should noted that it would have 
been difficult to use all data of one year as the data have been recorded manually. 
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Table 3 .4 :  Percent of S ID used at DIA 
Day Tardi Ranbi Tonvo Laldo Maxmo 
25 May 1 4. 1  44 .6 1 9 .6  4 .0  1 7. 7  
2 6  May 1 6. 1  42.4 20 .7  3 . 3  1 7 .4 
average 1 5 . 1  43 .5  20. 1 3 . 6  1 7 . 6  
3.3.5.2 tandard I n  trument A rrival 
tandard Instrument Arrival ( TAR) which is a designated IFR arrival route linking 
significant point normally on an A TS route, with a point from which a published 
instrument approach procedure can be commenced (add a reference). Table 3 . 5  presents 
the specific  arrival tracks used at DIA which have been extracted from the flight system for 
two days; 25 and 26 May 2006. 
Table 3 .5:  Percent of STAR used at DIA 
Day Desdi Bubin MaxmolDarax 
25 May 53 .0  3 9.4 7 .6 
26 May 49.8 42.3 7.8 
average 5 1 .4 40.9 7 .7  
For the runway usage, the most used runway is 3 0R. The INM does not depend on the S ID 
for departure; i t  uses the points as runway end. Therefore, in each case the arrival wil l  be 
the same and the departure will be opposite. For example, as explained in Figure 3 . 1 3  
when we say 30R is in use, this mean the arrival point will be 30R and the departure as the 
last touch point wil l  be I 2L using 30R SID and 30R STAR. Also Figure 3 . 1 3  presenting 
the percentage use of the two runway end for the current situation based on a two-month 
record (January and February, 2007). 
�percentage of ilight operation 0[ 2006 and mid 2007 based on two-month readings, 
current situation for DIA using one runway 
65% D 65% A 
West 
I 2L 30R 
3 5% A 3 5% D 
Figure 3 . 1 3 :  Percentage of runway usage at DIA for the year 2006 and mid 2007. 
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East 
The percentage of the runway usage was considered in calculating the fl ight fractions for 
each aircraft. Also, the flight route percentage were notified and used to final ize the abo e 
calculation . In Figure 3 . 1 4  the departure lines are displayed for runway 1 2L-30R. All the 
routes represent the situation at OIA before the end of 2007. Based on the two-day 
readings, there are three main routes for 1 2L end point using SID (30R) as a direction and 
navigation system, These routes include Ranbi with 43 .5%, Tardi- turning right with 
4 1 .3% combining other routes then tardi is spl itting into these three routes after a distance 
depending on the destination (Ton 0, Laldo and Maximo). The third route is Tardi- turning 
left 1 5 .2%. For 30R end point using S ID ( 1 2L) as direction, the two main departure routes 
are Tardi with 56.5% splitting then to Laldo, Tonvo, and Maximo and the second route is 
Ranbi with 43 .5%. 
Figures 3 . 1 5  shows the arrival flight routes used by runway 1 2L130R and 1 2L using Desdi 
with 3 5% according to STAR 1 2L.  3 0R has Bubin as an arrival route with 65%, using 
STAR 1 2R. The tracks have been drawn manually in an attempt to comply with the actual 
Jeppesen map of the flight. 
In mid 2007, the second runway 1 2R130L was in operation as a single runway for 
departure ( 1 2R) with the same flight routes. Nowadays, the runway is  used for both 
departure and arrival with similar fl ight routes of 1 2L130R as shown in Figures 3 . 1 4  and 
3 . 1 5 . 
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Departure to East . .  � 
Departure to West 
Figure 3 . 1 4 :  Departure flight routes for 1 2L130R and 1 2R130L at DIA (generated by the 
INM software) 
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Arrival 
Arriva l 
. 
• '!'1... 
Figu re 3. 1 5 :  Arrival flight routes for 1 2LRJ30R and 1 2RJ30L at DIA (generated by the 
INM software). 
Table 3 . 6  also summarIzes the name of all tracks/routes used for each runway' see 
Appendix B for the original Jeppesen map. 
Table 3.6 : Names of the tracks used in the INM 
Track ID Track name ( 1 2L-30R) Track nan1e ( 1 2R-30L) 
1 Dedsi l Desdi2 
2 Bubin l Bubin2 
3 Ranbi l Ranbi2 
4 Tardi-R Tardi-R2 
5 Tardi-L Tardi-L2 
6 Ranbi3 Ranbi4 
7 Tardi l Tardi2 
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3,4 0 1  1 M  L TIO. A E 
e eral noi e simulation ca es v,;ere considered including those intended for compari on 
between measured and predicted noise Ie els simulation of current and future scenarios as 
\vel l  as those for mitigation. Table 3 . 7  summarizes the cases considered. ases A l  to 4 
were u ed to carry on an as e sment of the runway operation usage ( i .e .  the impact of 
different percentage of departure and arrival) .  a es V 1 to V3 were used to compare 
between the measured noise level of Dr vicinity and the predicted noise Ie e ls the fNM. 
Case 1 through 5 were simulated for the current situation of 2006 with different runway 
uti l ization. a e 6 through 1 1  imulated for the future growth, whi le the rest of the cases 
( a e 1 2  through 1 5) are related to the suggested mitigation scenarios. 
Table 3.7:  Simulated cases for current, future and mitigation scenarios 
1 2 L  (% 30R(%) 1 2 R  (%) 30L(%) 
Case Dep Arr Dep Arr Dep A rr Dep Arr Com ments 
CaseA l 5 0  5 0  5 0  5 0  0 0 0 0 -
CaseA2 3 5  65 65 3 5  0 0 0 0 -
CaseA3 1 00 0 0 1 00 0 0 0 0 -
CaseA4 0 1 00 1 00 0 0 0 0 0 -
To validate the 
communities location 
points, the percentage 
present the situation 
during the actual 
measurements in 
CaseY 1 29  0 0 49 0 57. 1 7 1 .4 0 Jan2008. 
To validate the runways 
location points, the 
percentage present the 
situation during the 
actual measurements on 
CaseY2 1 5 . 1  9 1 .6 84.9 8.4 1 0 0 0 0 23rd July2006. 
To validate the runways 
location points, the 
percentage present the 
s ituation during the 
actual measurements on 
CaseY3 77.9 1 8  22. 1 82 0 0 0 0 27th July2006. 
Case 1 65 35 35 65 0 0 0 0 Current situation ,2006 
Hypothetical, simulated 
for current time 2006 to 
Case2 0 0 0 0 65 3 5  3 5  65 be used for the future 
Hypothetical, simulated 
for current time 2006 to 
be used for the future 
The flight volume was 
Case3 32 .5  1 7.5 1 7.5 32.5 32.5 1 7 .5 1 7.5 32 .5  divided to two runways 
repeat Case 1 using 
Case4 65 35  3 5  65 0 0 0 0 Winter condition, 2006 
repeat Case 1 using 
Case5 65 35 35 65 0 0 0 0 Summer condition, 2006 
Case6 65 35  3 5  65 0 0 0 0 repeat Case 1 using the 
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new projected 1 04°'0, 
end 20 1 0  
repeat Case 2 using the 
new projected 1 0.4010, 
Case7 0 0 0 0 65 35 35 65 end 20 1 0  
repeat Case 3 using the 
new projected 1 0.4%, 
Case8 32 .5  1 7. 5  1 7. 5  32 5 32 .5  1 7. 5  1 7.5  32 .5  end 20 1 0  
repeat Case 6 using the 
new projected 3 .5%, end 
�ase9 65 3 5  35  65  0 0 0 0 20 1 5  
repeat Case 7 using the 
new projected 3 .5%, end 
Case l O  0 0 0 0 65 3 5  3 5  65 20 1 5  
repeat Case 8 using the 
new projected 3 .5%, end 
Case l l 32 .5  1 7.5 1 7.5  32 .5  32 .5  1 7 .5 1 7 .5 32 .5  20 1 5  
Repeat Case A3, with 
future fraction 
consideration 
Case 1 2  1 00 0 0 0 0 0 0 1 00 
Repeat Case A3, with 
future fraction 
consideration 
Case l 3  0 0 0 1 00 1 00 0 0 0 
Repeat Case A4, with 
future fraction 
Ca e consideration 
1 4  0 1 00 0 0 0 0 1 00 0 
Repeat Case A4 with 
future fraction 
Case consideration 
1 5  0 0 1 00 0 0 1 00 0 0 
Table 3 . 8  lists the meteorological conditions which were used to simulate the impact of 
metrological parameter in Case 4 and 5 particularly to compare the impact of temperature 
on noise distribution. 
Table 3 . 8 :  Meteorological conditions at DIA for winter and summer seasons (data from 
DIA M t I ·  I Offi ) e eoro oglca lce 
Winter Time Summer Time 
Parameter Nov.-Apr. May-Oct. 
Temperature (OC) 23 34 
Air pressure (mrn-Hg) 761 .3989 752.2984 
Wind speed (knots) 8 8 
Wind direction 1 98 2 1 1 
Table 3 .9  summarizes the INM parameters used to simulate Case 1 for the current situation 
and with the usage of one runway. The data of the flight operation for day, evening and 
night of all aircraft types at the current (with the consideration of all flight departure and 
arrival tracks) were entered into the INM including flight operation database manually 
using ops menu. Also the average metrological conditions of the year 2006 were 
5 1  
considered for the current s i tuation. This was util ized later for all other cases after 
modifying the percentages of the runways, and using the new growth fraction for the future 
expanSIOn. 
Table 3.9: INM parameter values used in Case 1 with one runway I 2L/30R 
lNM menu/command Parameter Val ue/name 
1 .  Setup Stud : 
Origin of the coordinate Latitude( deg) 25 .25278 
Longitude( deg) 5 5 .36444 
Elevation (m) 2 
Case Temperature (DC) 30 
Pressure( mm-Hg) 759.95 
headwind (km/hr) 1 3 .9 
2.Tracks Runway Identifier 
1 2L130R Runway end # 1 1 2L 
Runway end #2 30R 
1 2R13 0L Runway end # 1 1 2R 
Runway end #2 30L 
3 .Track, Runway ends l 2L x= - 1 . 7 5 75 
(Km) y= 1 .5 2 1 6  
30R x= 1 .6629 
y= -0 .564 1 
1 2R x= -0.6 1 84 
y= 0.3780 
30L x= 3 . 1 79 1  
E - 1 .9366 
4 .Track, Track Identifier Departure Ranb i 1  
Tardi-R 
Tardi-L 
Ranbi3 
Tardi 1 
Arrival Dedsi l 
Bubin 1 
5 .  Run, Grid setup X(km) - 1 4 .8 1 6  
Y(lan) - 1 4 .8 1 6  
6.Run, Run option 
Run type run type single metric 
noise metric Exp: LAeq 
low cut off (dBA) 5 5  
H igh cut off (dBA) 95 
7 .  Output setup 
metric New record Exp. LAeq 
Contour level Min (dBA) 5 5  
Max (dBA) 85 
Case 1 Case 1 
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fter running each case, the output menu was selected for the output graphic, noise at 
location points, and contour area. In the output graphic the contour of noise level for the 
two matrices LAeq and LAmax were saved as AutoCAD file (DXF) to be imported to 
ArcGI . 
3.5 N O I  E DATA COLLECT I ON 
A set of acoustical instrumentation RlON NI-3 1 and SV AN 949 were placed at the end of 
each run ay at DIA to determine aircraft noise. The coordinates of the location points are 
shown in Table 3 . 1 0 . The noise measurements were carried continuously for a period of 3 
weeks (23 July- l 0  August 2006). 
T bI 3 1 0 L t t a e : oca lOn pOll s coor d·  t I t th ma e c ose 0 e runway 1 2L130R at DIA 
Location Longitude (E) Lati tude (N) 
N8 55 .34647222 25 .26766667 
N9 55 .38 1 4 1 667 25 .24672222 
oise measurements were carried out during Jan. 2008 at 7 locations outside the airport 
premises using the sound level meter NA-27, Figure 3 . 1 6  (left). Before and after each 
survey period, the calibration of the instrumentation was checked using the acoustic 
calibrator NC74, Figure 3 . 1 6(right). The maximum calibration drift noted during the 
survey was 0 . 1 dBA, which is insignificant in terms of the measured noise levels .  Noise 
measurements were conducted according to BS  744 5 :  1 99 1  ' Description and Measurement 
of Environmental Noise ' .  The measurements were general ly undertaken with the 
microphone located at 1 . 5m above the ground and in the free field (away from reflecting 
facades). Measurements were not undertaken during periods of high wind. All 
measurements were conducted with "fast" time-weighting frequency. 
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Figure 3 . 1 6 :  A 27 u ed in  noise a ses ment of the surrounding communities (right) and 
the acou tic calibrator C74 (left). 
Mea urement locations were chosen based on the potential affected areas which are located 
along the flight path as predicted by the INM and with considerations of the highly 
populated areas . Measurement points which are inline with the flight track path were 
Cleary defmed to estimate the noise level .  Additional locations further north and south of 
the airport were selected to extend the span of location points and to assess the noise levels 
at more distant sites. 
Figure 3 . 1 7  hows the measurement locations in the vicinity of the airport. The 
mea urement locations are numbered from 1 to 7. Location numbers 2, 3 and 5 l ie within 
the flight path of the runway. Noise measurement in the vicinity of the DIA was carried out 
by Dome International LLC. 
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N oise S u rvey Location Detai ls  
1 - AI  G a rhoud 2 1 4  
N 2 - AI  Rashld iya 2 1 6  
N 3 - Mirdif 251 
N4- AI  Ta a r  1 -226 
N5- AI  K h abals l  1 2 8  
6 - AI  M mzar-1 34 
N7- AI H m rrl a 3 1 3  
Figu re 3. 1 7 : oi e mea urement locations around DIA, J an  2008 .  
The coordinate of each point were determined onsite using a GP device as shown in 
Table 3 . 1 l .  
T bl 3 1 1 L a e . : ocatlon pomts coor d ' � th mate or e communIties meas urements 
Location Longitude (East) Latitude (North) 
N l  55 .344 1 85 25 .24930 1  
N2 55 .398028 25 .228280 
N3 55 .4 1 3 590 25 .2 1 9302 
N4 55 .362785 25 .2740 1 1 
N5 55 .3368 1 8  25 .267582 
N6 55 .352 1 1 8  25 .324876 
N7 5 5 .3072 1 4  25 .2594 1 8  
The measurements were conducted over two days; normal flight hours which were 
recorded in  the first day (2 1 51 J an.) and in the busiest flight hours in the second day (2?nd 
J an.). The time of measurement at each location point is shown in Table 3 . 1 2 . 
Table 3. 1 2 :  Time of noise measurements 
Location Normal hours Bus), hours 
Day time Night time Day time Night time 
N 1  1 4 :45 22 :22 1 0 :29 4 :36 
N2 1 4 :09 2 1 :47 1 4 :  1 5  4 :08 
N3 1 2 :50  21  : 1 3  1 3 : 37  3 :40 
N4 1 2 :08 20:28 1 2 :48 2 :50 
N5 1 5 :40 22 :50 1 1 : 1 2  5 :04 
N6 1 1  : 30  23 :37  1 2 :00 2 : 1 9  
N7 1 0 : 1 0  0 : 1 5  1 5 : 02 0 :57  
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ound information wa recorded u ing A-\ eighted frequency for the fol lowing matrice : 
LAeq, LAma: , LAman, Ls, and Lso The measurement duration for continuous recording was set 
to 1 5  min at each location. Background noise was not recoded exactly but two readings 
were observed in the ob ervation heet in Table 4 .4 for zero aircraft mo ement which is 
con idered as a background noi e Ie e l .  Detai led mea urement results were documented 
with information uch a meteorological conditions measurement date and time, location 
de cription and coordinates, number of events captured, description of the sound sources 
(aircraft, traffic or other operations) in addition to other remarks as shown in Table 4 .3  and 
Table 4 .4 
3.6 C O M M U  I TY 01 E U RVEY 
Where noise monitoring was undertaken at or near residential properties, efforts were 
made to conduct a noise surve for the public to figure out their own point of view of 
aircraft noise. A re ponse form was prepared in both English and Arabic. The fust part of 
the form asked about general information such as the age and the number of years living in 
the area. The second part focused on the health. The third part was related to the effect of 
noise on the daily and social activities. The survey was carried out during February 2008 
and was distributed over 7 areas in  the vicinity of the airport. Table 3 . 1 3  shows the number 
of distributed forms in the different selected areas. The number of distributed forms was 
decided based on the population density of each area. For example for Al Rashidiya (the 
largest populated) the number of the forms was higher than the rest. A copy of the 
response forms are attached in Appendix C. 
T bl 3 1 3  Ind' 'd I d' trib t a e . : IV1 ua re�onse orm 1S u lOn areas 
Area Number of Number 
Area name number Pogulation Reference distributed forms responded 
Al Rashidiya 2 1 6  44066 1 -50  50  50 
AI Tawar 1 226 22454 5 1 -80 30 25 
AI Tawar 2 227 6004 8 1 -95 1 5  1 4  
A l  Tawar 3 228 8330 96- 1 1 5  20 20 
Mirdif 25 1 1 5676 1 1 6- 1 45 30  2 1  
Muhaisna 1 26 1 1 2 8 1 2  1 46- 1 75 30 27 
Nad Sharnma 2 1 3  2406 1 76- 1 90 1 5  1 5  
Total 1 90 1 72 
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C HAPTER 4 
MEASUREMENT AND SIMU LATI ON OF N O I SE 
AT AND IN THE VICINITY OF DIA 
4 . 1 l'10ISE LEVEL AT T H E  AI RPORT 
oi e mea urement were conducted at t\vo locations c lose to the end points of the e isting 
runway 1 2L130R. The mea urement took place in the period of July to August 2006. 
Figur 4. 1 pr ent the m a ured data for each individual point. For 1 2L the measurement 
wa done continuou ly every 1 0  , and the number of data points exceeded 34,000. For 30R 
the mea urem nts duration aried between 2-4 second, and it was stopped for few days as 
hovm in Figure 4 . 1 (bottom) due to a battery problem. 
1 20 
� 1 1 0 co 1 00 . . . " , . 
Qj 90 
> 
� 80 
� 
1/1 70 '0 z 60 
50 
o 
Run w ay e n d  1 2L 
Starti ng 23/7/2006 at 1 0:30 am 
1 20 
� 1 1 0  CO 1 00 " 
Qj 90 
> 
� 80 
� 70 1/1 '0 60 z 
24 48 
Time,  hr 
T i m e ,  hr 
Lmax 
Leq 
72 96 1 20 
Lmax 
• Leq 
72 96 1 20 
Figure 4. 1 :  oise measurements at runway end 1 2L (top) and 30R (bottom) (data from 
DIA, 2006). 
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ing the flight mix and flight operation data along with the meteorological conditions for 
July 23 (Ca e V2) and July 27 (Case 3) with the operation of one runway 1 2L/30R, the 
noise Ie el at the runwa end point was simulated using the fNM. Table 4 . 1 presents the 
result of both the predicted and measured noise values (LAeq) . 
Table 4. 1 :  Noise level at runway ends I 2L/30R of DIA during 2006 
Point Date Temp. (OC) 
Wind speed Predicted LAeq Actual LAeq 
(km/h) (dBA) (dBA) 
N8 8 1 .9 75 .9 
N9 23/07/2006 37 .7  1 4 . 8  89.7 8 1 .2 
N8 88 . 1 78 .9 
N9 27/07/2006 36.3 1 2 .9 84.3 86.2 
It i noticed from Table 4 . 1 that the INM generally over predicts the noise level by about 7 
dB for the points c lose to the runway ends. As it was mentioned previously in  Section 
3 .2 .  the INM is  not a detai led acoustics model .  Differences between predicted and 
measured values can and do sometimes occur because important local acoustical variables 
are not averaged, or because complicated physical phenomena are not explicitly modeled 
(INM ManuaL 1 999). 
Table 4.2 : Prediction of noise level away from the runway end points under the conditions 
of 1 5 . 1  % D and 9 1 .6%A at 1 2L A and 84.9% D and 8 .4 1 A  at 30R (Case V2) 
Actual 
Away from Predicted LAeq LAeq 
Point X Y X (m) runway(m) (dBA) _(dBA) 
N9 55 . 38 1 4 1 7  25 .246722 1 7 1 0.4 - 89.7 
N I 0  55 . 3845 25 .246722 2000.8  290.4 83 .7  
N I l 5 5 .3855  25 .246722 2 1 0 1 .6 39 1 .2 79. 1 8 l . 1 99 
N8 5 5 .346472 25 .267667 - 1 80.99 - 8 l .9 
N 1 2  5 5 .346 25 .267667 - 1 85 .75  -4.76 83 .6  
N 1 3  5 5 .342 25 .267667 -226.04 -45.05 76.6 
N 1 4  55 .34 1 25 .267667 -236. 1 1  -55 . 1 2  65 .2 75 .9  
A possible reason for deviations between predicted and measured noise levels at the 
runway ends is probably due to deviations in the actual flight operation from the standard 
procedure. To see this, we considered deviations in the takeoffllanding points on the level 
of noise at the runway ends. Noise level at new points fal l ing on the same line of the x-axis 
of the runway points N8 ( 1 2L) and N9 (30R) were predicted (CaseV2) as shown in Table 
4 .2 .  As obvious, the predicted noise level could match the measured value had the noise 
instrument location moved outside the runway 300 m away from N9 or about 50 m away 
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from longer distance is required at the 9 side due to the higher percentage of 
departure from that end. ince the location of the noi e measurement device was correct a , 
matching of predicted and mea ured levels could be achieved if  the takeoffllanding point 
moves 300 m in ide the runway end at the N9 location and 50 m in ide the runway end at 
the 8 location as i chematically hown in Figure 4.2 .  
Hypothetical Installation locations for noise measurement equipments at  runway I 2L/30R 
Actual Departure 
NM ArrZ��: ___ ---",� _______ �U<=---____ fNM Departure 8 1 2  1 3  1 4  
12L 
Decrease the distance bemeen the mstrument and 
the amval point 
30R 
9 1 0  N I l 
Increasmg the distance between the instrument and 
the amval pOint 
Figu re 4.2 : Hypothetical locations of the arrival and departure points. 
Figure 4 .3  presents cases simulated to assess the impact of variations in percent departure 
and arrival at the runway ends on the noise level at N8 (close to 1 2L runway end point) and 
N9 (close to 30R runway end point). In each case, different percentages of departure and 
arrival were applied. The figure shows that an increase in the percent departure from a 
certain end point results in an increase in the noise level at that point relative to the noise 
level at the other side of the runway. 
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1 0  
0 
• CaseA3, 1 2 L  1 00% O. 30R 1 00% A 
o Case1 1 2 L  as 65% O. 35% A and 30R as 65%A 35% 0 
o CaseA 1 1 2U30R as 1 2L 50%0. 50% A and 30R as 50% 0, 50%A 
� CaseA2 1 2 U30R as 1 2L 35%0, 65% A and 30R as 65%0, 35%A 
o CaseA4, 1 2 L  1 00% A, 30R 1 00% 0 
N8 N9 
Location Poi nts 
Figu re 4.3 : Impact of different percentage of departure and arri al on the noise level at the 
runway end points. 
Figure 4.4 presents the same impact on community locations (N l (AI Garhoud)-N5 (AI 
Khabai i)) which are pre ented in Figure 3 .23 . ote that N l  (AI Garhoud), N4 (AI 
Tawar I ), N5 (AI Khabaisi) and N8 ( I 2L) are located to the west of the runway while N2 
(Al Ra hidiya), N3 (Mirdif) and N9 (30R) are located to the east. It can be noticed that the 
level of noise decreases at N l  (AI Garhoud) N4 (AI TawarI )  N5 (Al Khabaisi) and N8 as 
the percentage departure at I 2L end point is decreased. Similarly, the noise level increases 
at 2 (Al Rashidiya), N3 (Mirdif) and N9 locations as the percentage departure increases 
from 30R. ! 
1 ote that 1 2L and 30R are used as points not direction of SID and STAR. 
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Figu re 4 .... : Impact of different percentage of departure and arrival on the noise level at 
community locations in the icinity of D IA. 
4.2 NOISE LEVEL IN T H E  V I C IN I TY OF T H E  AIRPORT 
Table 4.3 and 4.4 present the noise data which were measured in the vicinity of DIA at the 
7 community locations (N 1 (AI Garhoud)-N7 (AI Hamrriya) of Figure 3 .23) .  The tables 
present two main noise matrices used in this study; LAeq and LAmax. The tables show that 
the mea ured noise Ie el varies at some locations during day and night time. However, at 
1 (Al Garhoud) the difference in the noise level between day and night time was small ( 1  
dBA) for LAeq but high (8 dB A) for LAmax. The number of passing cars near the 
mea urement location was 1 9-25 during the normal flight hours and 1 02- 1 98 during the 
busy flight hours with the higher number recorded during night time. This indicates a high 
interference of noise due to road traffic at this location. The same also applies at the N5 (AI 
Khabaisi) location during day time. 
At location N2 (AI Rashidiya), the noise level varied between normal and busy flight 
hours. During the normal flight hours, there was a reduction in the noise level by almost 8 
dBA between day and night time. It is also observed that this location is  the most affected 
by aircraft noise with an increase of 1 8  dBA was recorded as result of a high aircraft 
movement during the noise measurement. 
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At location 3 (Mirdif) there was an increase in the measured noise Ie el of 8 dBA in the 
night time in the normal flight hours and of 1 0  dBA during the busy flight hours as a result 
of an increase in aircraft movement recoded during the noise measurement period. 
At location 4 (AI Tawar 1 )  there was an increase of 2 dBA between day and night time 
noise Ie el during the normal flight hours. However, an W1expected decrease of 4 dBA was 
observed during the busy hours although there was an increase in the number of flying 
aircraft. This could be due to the high interference caused by the large number of cars in 
the day time (S4 cars) compared to that during the night time (4 cars). This could be 
observed in Figure 4 .S  when there is no plane passing. Similarly, there was a reduction of 9 
dBA between day and night time at location NS (AI Khabaisi) due to a decrease from 1 06 
to 1 6  cars during the normal fl ight hours and a decrease from 206 to 6 cars during the busy 
fl ight hours despite the fact that there was an increase in aircraft movement (from 2 to 7 
airplanes) during the noise measurement. 
Location N6 (Al Marnzer) is considered a quiet residential area with a relatively large 
distance from the airport. At this location, an increase in the noise level is noticed during 
the night time due to the high number of passing cars (S7 cars) . The N7 (AI Harnrriya) 
point is considered the most congested area of road traffic with a day-time number of 
passing cars that ranges from 1 1 0-2 1 3  during the two measurement durations. 
From the above discussion, it i s  concluded that the main sources of noise are road traffic 
and aircraft movement. At all locations, the equivalent noise level varied from 4S-6S . 1 
dBA for normal flight hours and from 43 .8-69.4 dBA during busy flight hours. On the 
other hand, the maximum noise level varied from 67 to 89.9 dBA during the normal flight 
hours and from 62.S to 89.6 dBA during the busy flight hours . The nosiest areas were NS 
(Al Khabaisi) during the day time and N2 (AI Rashidiya) during night time. 
S ince the INM considers only noise generated due to aircraft movement, the areas which 
have a high interference of road traffic (N 1 (Al Garhoud) and N7 (Al Harnrriya)) were 
excluded from the comparison process. The day time reading at location NS (Al Khabaisi) 
was also removed from the average measurements due to high road traffic. Moreover, 
location N6 (Al Marnzer) was excluded as it is a quiet area. 
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able 4.3:  qUi alent noise lev I (LAeq) measured during nonnal and bu y flight period in 
the \ icinity of D I  
r--' LAeq LAeq LAeq 
Point day night day-night 
(dBA) (dBA) �ound sources at day time 
Normal flight hours, 2 1  st Jan 08 
Sound sources at night time idBA) 
N l  63 .8 62.4 25  cars + road traffic 1 9cars 63 .2 
N2 59.5 52.8 3 cars + 2 aircraft landing 7 cars + I aircraft 57 .3  
1 0  cars + 1  truck + street 
N3 52.2 60.7 traffic 8 cars + 3 aircraft 58.3 
41  cars+ 3 trucks + 3aircraft + 
audjble sounds from opining and 
closing of doors from 2 cars 
44 cars+ 4 truck + street being parked c lose to the 
N4 59.6 6 1 .2 traffic location 60.5 
1 06 cars + 2 aircraft + street 
N5 70 6 1 .2 traffic 1 6  cars + 2 vans + 7 aircraft 6 1 .2 
57cars + 1 aircraft + loud sounds 
from roaring cars, audible sound 
N6 45.8 54.8 5 cars from passing airplane 52.3 
2 1 3  cars + 1 3  trucks + 2 
N7 65 . 1  62 . 5  aircraft + street traffic 86 cars + 2 trucks + 2 aircraft 64.0 
Busy flight hours 22nd Jan 08 
1 02 cars + 1 8  vans + 5 aircraft + 
4 trucks + audible sounds from 
1 98 cars '" 25 vans + 4 trucks gushing water of the filter tank 
.L- hammering and park for dewatering activity near the 
N I  65.9 62 .3 activities location 64.5 
1 0  aircraft + audible sounds 
from concrete pouring activities 
about 1 00 meters east from the 
site; sharp hlssing sounds from 
N2 52.3  70 .5  2 cars + 1 truck planes talking off. 67.6 
4 cars + 3 aircraft + small 
generator from a villa 1 car + 9 aircraft + sharp hjssing 
N3 57.9 67.5 construction site sounds from �Ianes takin.-& off 64.9 
54 cars + I truck + 1 aircraft + 
mosque adhan sound, street 
N4 62 54.4 traffic 4 cars + 5 aircraft 59.7 
206 cars + 45 vans + 4 trucks 
N5 69.4 6 1 . 8 + 3 aircraft + street traffic 6 cars + 7 aircraft 6 1 .8 
20 cars + 1 van + 1 airplane+ 
Bird and park maintenance screeching sounds from racing 
N6 43 .8  49 work cars 47. 1 
1 1 0 cars + 6 vans T 1 truck + 
4 aircraft + car hom and street Blowing of horns from passing 
N7 66.8 60.7 traffic cars 64 .7 
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Table 4.4:  \t1aximum noi e Ie I (L.-\max) during nonnal and bu flight period in the 
vicinity of DI 
--":LAm I LAou Point day night dBA) (dBA) Sound sources at day time 
Normal flight hours. 2 1  st Jan 08 
N l  82.7 74.9 25 cars "" road traffic 
N2 76.5 68.7 3 cars + 2 aircraft landing 
N3 7 1 . 9 8 12 1 0  cars + I truck + street traffic 
44 cars + 4 trucks + street 
N4 85 .8  8 1 .2 traffic 
1 06 cars + 2 aircraft + street 
N5 89.8 76. 1 traffic 
N6 67.0 75.3 5 cars 
2 1 3  cars + 1 3  trucks + 2 
N7 82.4 79. 1 aircraft + street traffic 
Busy flight hours, 22nd Jan 08 
1 98 cars + 25 ans + 4 trucks 
+ hammering and park 
N l  83.4 75 .8 activities 
N2 74.3 89.6 2 cars + 1 truck 
4 cars + 3 aircraft + small 
generator around from nearest 
N3 78.0 84.8  vil la construction site 
54 cars+l  
trucks+ l airplane+mosque 
N4 80.7 73 .0 adhan sound, street Traffic 
206 cars + 45 vans + 4 trucks 
N5 87.7 80.8 + 3 aircraft + street traffic 
B ird and park maintenance 
N6 63 .4 62.5 work 
1 1 0 cars + 6 vans + 1 truck + 
4 aircraft + car hom and street 
N7 83.0 78.8 traffic 
Sound sources at night time 
1 9  cars 
7 cars + I aircraft 
8cars + 3 aircraft 
4 1 cars + 3 truck + 3 aircraft + 
audible sounds from opining and 
closing of doors from 2 cars being 
parked close to the location 
1 6  cars + 2 vans + 7 aircraft 
57 cars + 1 aircraft + loud sounds 
from roaring cars, audible sound 
from passing airplane 
86 cars + 2 trucks + 2 aircraft 
1 02 cars + 1 8  vans + 5 aircraft + 4 
trucks + audible sounds from 
gushing water of the filter tank for 
dewatering activity near the 
location 
1 0  aircraft+ audible sounds from 
concrete pouring activities about 
1 00 meters east from the site; sharp 
hissing sounds from planes taking 
off. 
1 car + 9 aircraft + sharp hissing 
sounds from planes taking off 
4 cars + 5 aircraft 
6 cars + 7 aircraft 
20 cars + 1 van + 1 aircraft + 
screeching sounds from racing cars 
B lowing of horns from passing 
cars 
LAmax 
day-night 
(dBA) 
82.7 
76.5 
8 1 .2 
85 .8 
89 .8 
75 .3 
82.4 
83 .4 
89.6 
84.8 
80.7 
87.7 
63.4 
83.0 
Figure 4.5 presents LAeq (top) and LAmax (bottom) for both nonnal and busy flight hours at 
N2 (Al Rashidiya) and N3 (Mirdif) location points as a function of the number of aircraft 
recorded during the noise measurement duration. N2 (AI Rashidiya) and N3 (Mirdif) 
points were selected due to the l imited noise interference at these points (low road traffic) 
and they are located within the l ine of the flight path from the east side. 
It i s  noticed that as the number of aircraft increases the noise level increases at these two 
location points. Generally, there was an increase of 1 . 8 dBA in LAeq and about 1 . 7 dBA in 
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LAma: for an increase of 1 aircraft above the background level (zero aircraft). The noi e 
le\el \\hen no aircraft movem nt i recorded could be considered as the background noise 
value \\hich could be mainl attributed to road traffic. 
7 5  
70 
� 6 5  "0 
g 60 
5 5  
50 
90 
� 80 
\:J � 70 
60 
a • 
0 
• 
o 
.. B us y  fl i g ht hours ( N 2 ,  N 3) 
l · 
Norm a l  fl i g ht hours ( N 2 ,  N 3) 
-- Best fit  
- -- -
5 1 0  1 5  
N u m b e r  of a i rcraft 
5 
.. Busy fl ight hours (N2, N3) 
• Normal fl ight hours (N2, N3) 
-- B est fit 
1 0  1 5  
Number of ai rcraft 
Figu re 4.5 :  Changes of LAeq and LAmax in the vicinity of DIA as a function of aircraft 
movement during the noise measurement period. 
Figure 4 .6  shows variations in the measured noise level between day and night times at the 
community locations. The y-bar represents the range of noise levels during the 
measurement period at each location. It is noticed that there is variations in the noise level 
between normal and busy operation at certain locations. For example, the noise level at N5 
(AI Khabaisi) is  higher in the night time than in the day time during the busy operation 
duration, while the opposite is true at N2 (AI Rashidiya) and N3 (Mirdif) locations. 
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Figure 4.6:  oise Ie el at normal (top) and busy (bottom) operations at DIA, 2 1  SI Jan 2008 
Ca e V 1 presents the situation of runway usage during the period of noise measurement in 
the community locations. The runway operations at that time were: 29% departure (D) at 
1 2L 49% arrival (A) at 30R, 57 . 1 %  A at 1 2R and 7 1 .4% D at 30L. Noise level was 
simulated for the purpose of comparing the noise measurements taken at the community 
locations \vith the INM predicted noise levels. Table 4 .5  compares between the measured 
and predicted noise levels .  The table shows that the predicted noise values are generally 
less than the actual ones except at N6 (Al Mamzer) location which is quite far from the 
flight path. However, the deviation between the measured and predicted noise level is in  
the order of 2-3 dBA. 
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Table 4.5:  Predicted and measured noise Ie el in the vicinity of DIA, Jan 2008 
Predicted, LAc 
45 .9 
63.4 
66.3 
47.5 
59 
46.6 
59 
Actual measurement, LAea (dBA) 
63 . 1 6  
64.94 
62.78 
60. 1 0  
6 1 . 5 1  
50.45 
60.70 
4.3 1 M  L T I O  OF 01 E LEVEL UND E R  C U RRENT CON D I T I O  
mentioned in  Table 3 .9, the average meteorological conditions at DIA over one year 
was u ed Vvith the other setup parameter to simulate the current situation for the noise level 
at and in the vicinity of the airport. Results of Case 1 with the usage of one runway 
1 2L 30R at the time of conducting this study (i .e . ,  2006) are displayed in Figure 4.7,  using 
LAeq and LAmax. 
At the same time, simulations of hypothetical cases were conducted under the current 
situation to present the impact of different usage of the two runways. In Case 2, all aircraft 
volume took place on the new runway 1 2RJ30L. In Case 3, the two runways were used by 
splitting the fl ight olume equally. 
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Figu re 4.7:  imulation of current noise level (dBA) using runway 1 2L130R (Case 1 )  in the 
vicinity of DIA. Top figure is  for LAeq and bottom is  for LAmax. 
Figure 4 .8  shows noise simulation results for both Case 2 (top) and Case 3 (bottom). In 
Case 2,  the shape of the noise contours is the same as that of Case 1 (Figure 4.7 (top)), 
since the same tracks and aircraft volumes have been used in both cases. mall differences 
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In draw ing th track r ulted in mall difference in the nOl e di tribution ob f\'ed 
bet\\ een the t\\ O figure . In a e 3 (Figure 4 . 8  top . the hape and di tribution of the noi 
c ntour changed compared to tho e under a e 1 due to the plit of aircraft mo\'ement 
0\ r two runway in tead on on . 
. 
, 
> . 
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• 
Figu re 4.8 :  imulation of the LAeq (dBA) Uflder different percent usage of the runway, 
u ing one fUflway 1 2R130L (top) and two fUflways (bottom). 
69 
The impact of change in meteorological conditions on the noise level in the vicinity of 
01 \. wa considered. Table 4.6 pre ent th nOIse level for the same location points in 
\\- inter ( a e 4) and ummer ( a e 5 )  time. The two cases were simulated considering the 
average temperature in winter and that in the ummer while keeping all other parameters 
con tant. In winter time, an increase in LAeq of about 1 dB was noticed. This is due to the 
fact that ab orption of noi e increases and becomes more focused as the temperature drop 
during the \. inter time. 
Table 4.6: oi e Ie el during \ inter (Case 4) and summer (Case 5 )  time, 2006 
Location ) 
2 57 .7  
3 55 .6  
4 50 .8  
5 62. 1 
6 50.2 
7 62.5 
4 ...t IM U LATION OF NOISE L E V E L  I N  T H E  FUTURE 
To simulate future cases the future growth in flight volume was considered. An annual 
percent increase in flight volume of 1 0.4% is used til l  the end of 20 1 0  and 3 .5% from 20 1 1 
t i l l  the end of 20 1 5 .  Noise simulations under different case scenarios were considered 
including, Case 1 with runway 1 2L130R in operation, Case 2 with runway 1 2RJ30L in 
operation and Case 3 with both runways in operation. F igure 4 .9 displays Case 1 as  an 
example of the future increase. Results of the other cases are shown in Appendix D .  The 
new noise levels  readings are summarized in Table 4 .7 .  
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Figure 4.9 :  LAeq contours under (a) current (b) 20 1 0  and (c) 20 1 5  flight conditions (Case 
1 ) . 
7 1  
Table 4 .7 i l lu trate an increase in the noi e Ie el of about 2 dB by 20 1 0  and about 3 
dB b, 20 1 5  compared with the current situation. The table also shows that points located 
at the ame path of the north runway uch as 5 (AI Khabai i), are mostly affected by the 
flight operation on runway 1 2  /30R. While u ing the southern runway ( 1 2R130L), 2 ( I 
Ra hidiya . (Mirdif) and 5 (AI Khabai i) are affected as the new runway is shifted 
dO\\l1 and became clo e to the location points 2 ( I Rashidiya) and 3 (Mirdif). The 
table further how that b using the t 0 runways with equal split of flight volume, a drop 
of about � dB i ob erved at 2 ( I Ra hidiya), 3 (Mirdif) and N5 (AI Khabaisi) and an 
increa e of 1 dB at 4 ( I Tawar l )  compared with the levels obtained under Case 1 and 
a e 2 .  plitting the olume beh een the two runways causes spreading of the noise to a 
wider area with a general reduction in noise level on affected areas compared to the 
condition when one runwa i s  in  operation. 
Ta hie 4 . 7 :  LAeq (dBA) at community locations under current and future flight operation at 
DIA . d · ftl ( usmg 1 erent runway 0 pera IOns 
Location 2006 
1 2L130R Case 1 
N l  49.2 
N2 57 .5  
N3 5 5 .6 
N4 50 .8  
N5 62 .0 
N6 50 . 1 
N7 62. 5  
1 2R130L Case 2 
N l  52 . l 
N2 60.6 
N3 63 . 5  
N4 49.3 
N5 74.0 
N6 39 .8  
N7 47 .6 
1 2L130R and 1 2R130L Case 3 
N l  50 .9  
N2 59 .3  
N3 6 1 . 1  
N4 50 . 1 
N5 7 1 . 3 
N6 47 .5  
N7 59.7 
20 1 0  20 1 5  
Case 6 Case 9 
5 1 .0 5 1 .7 
59.2 59.9 
57.3 5 8 . 1 
52 .6  53 .3  
63 .8  64. 5  
5 1 . 8 52 .6 
64.3 65 .0  
Case 7 Case 1 0  
53 . 8  54 .5  
62.3 63.0 
65.2 65.9 
5 1 .0 5 1 . 8 
75 .7  76. 5  
4 1 .6 42.3 
49.3 50 . 1 
Case 8 Case 1 1  
52 .6  53 .3  
6 1 .0 6 1 .7 
62 .8  63 .6  
5 1 .9 52 .6 
73 .0 73 . 7  
49.2 49.9 
6 1 .4 62. 1 
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Tabl 4 .8  I i  ts the maximum noi e levels under the current and future expansion u ing 
runway 1 2L130R. noticed there is not a change in the maximum noise level under 
similar runwa perc nt usage even \ hen the aircraft olume rate change . Thi is because 
the maximum value i dependent on the t pe of aircraft and i not affected by the increase 
in the number of aircraft. s the t pe of the aircraft remain the ame the maximum noise 
ley I at a particular location does not change with the increase in aircraft movement. 
Table 4.8:  LAmax (dBA) at community locations under current and future flight operations 
at OIA using runway 1 2L130R 
Location Case 1 (2006) Case 6 (20 1 0) Case 9 (20 1 5) 
N t  75 .3  75 .3  75 .3  
N2 86.9 86.9 86.9 
N3 88 .5  88 .5  88 .5  
N4 76.2 76.2 76.2 
N5 94.8 94.8 94.8  
N6 80 .7 80.7 80.7 
N7 1 02 .8  1 02 .8  1 02 .8  
On the other hand changing the aircraft operation (departure and landing points) may 
cau e changes in the maximum noise level at receptors locations. Table 4 .9 compares the 
maximum noise level at receptor locations due to changes in traffic operation for the same 
aircraft volume. Comparing between the three different scenarios in Table 4.9, it is found 
that there is an impact on the maximum noise value due to changes in runway usage. At 
some locations (such as N2 (Al Rashidiya), N3 (Mirdif) and N5 (Al Khabaisi)), the use of 
the northern runway 1 2L130R causes a reduction of almost 8 dBA as compared to the case 
when the southern runway or both runways are used. However using the southern runway 
1 2RJ30L alone causes a decrease of about 3 dBA in the maximum detected noise at N4 (AI 
Tawar l ) .  
Table 4.9:  LAmax (dBA) at community locations under future flight operations at D IA with 
d'ffI 1 erent runway usage 
Case 6 Case 7 Case 8 
Location 1 2L130R (20 1 0) 1 2RJ30L 120 1 0) Two runways (20 1 0) 
N 1  75 .3  76 .8  76.8 
N2 86.9 90. 3 90.3 
N3 88 .5  95 .0  95 .0 
N4 76.2 73 . 8  76.2 
N5 94.8 1 08 . 1 1 08 . 1 
N6 80.7 6 1 .9 80 .7 
N7 1 02 .8  73 .5  1 02 . 8  
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Table 4. 1 0  show the area surrounding DIA affected by a certain noise level under the 
current and future conditions. The table show that there is an increase in the area affected 
by a noi e l e\.el higher than 55 dB (which is the acceptable l imit for day time noise set by 
the Local Law). 
pecifical l in a e 1 ,  an increase of 3 1  % (28.3 km2) in the area affected by more than 55  
dBA and les  than 65 dBA i recorded at the end of 20 1 0. The area affected by the same 
noise range (55-65 dBA) wil l  increa e 45% (4 1 . 1  km2) at the end of 20 1 5  as compared to 
the influenced area at the current time. Within the premises of the airport, and for areas 
which experience more than 85 dB , an increase of 60% (0. 1 8  km2) will occur at the end 
of 20 1 0  and about 93% (0.28 km2) at the end of 20 1 5 . 
Table 4.10: Affected area (km2) with an associated LAeq surrounding DIA under current 
and future conditions 
Case Year Runway �55 dBA �65 dBA �75 dBA �85 dBA 
Case 1 2006 1 2L/30R 9 1 . 3 1 7 .2 2 .6  0 .30  
Case 6 20 1 0  1 1 9.6  23 .0 3 .7  0 .48 
Case 9 20 1 5  1 32 .4 26. 1 4 .2  0 .58  
Case 2 2006 1 2RJ30L 72. 1  1 4 . 1 2 .4 0.27 
Case 7 20 1 0  94.0 1 8 . 5  3 .4 0.46 
Case 1 0  20 1 5  1 03 .8 20.8 3 . 9  0 .54 
1 2L/30R and 
Case 3 2006 1 2RJ30L 89.0 1 8 .6 3 . 2  0.24 
Case 8 20 1 0  92 . 1  1 7 .3 2 .6  0 .30 
Case 1 1  20 1 5  1 29 .2  27. 1 5 . 1  0 .55  
Despite the increase in future aircraft volume at DIA,  the area affected by the maximum 
noise level (LAmax) is not affected by this increase as shown in Table 4 . 1 1 . The table also 
sho\ s that the area that could have a given maximum noise level is higher than the area 
that could have the same equivalent noise level (see Table 4 . 1 1 ) . 
I 
Table .. t. 1 1 : ffected area km2) with an a sociated LAmax surrounding DI under current 
and future conditions 
Year 
ase RUil\\ ay �55 dBA >65 dBA 
ase ] 2006 1 2L/30R 654 . 1 502 . 5  
-- -
a e 6 20 ] 0  654. 1 502 .5  
Case 9 20 1 5  654. 1 502 . 5  
Case 2 2006 1 2RJ30L 842.3  5 1 7 .5  
Case 7 20 1 0  842 .3  5 1 7 . 5  
-
Case 1 0  20 1 5  842 . 3  5 1 7 .5  
1 2L/30R and 
Case 3 2006 1 2RJ30L 848 . 5  645 .4 
Case 8 20 1 0  848.5 645 .4 
.-
Case 1 1  20 1 5  848 . 5  645 .4 
4.5 COMPL I A  C E  W IT H  R E G U L AT O RY L I M I T  
�85 
>75 dBA dBA 
288 .2 1 1 4 .4 
288 .2  1 1 4 .4 
288 .2 1 1 4.4 
206.3 65 .5  
206.3 65 .5  
206.3 65 .5  
349. 1 1 39 .6  
349. 1 1 39.6 
349. 1 1 39.6 
it was discussed pre iously in  Section 2.4,  a set of noise exposure guidelines were set 
by different bodies and authorities both locally and internationally. Dubai municipal ity as a 
representati e authority for the Emirate of Dubai has set the local order 6 1 / 1 99 1  for the 
allowable noi e level .  According to the local order 6 1 / 1 99 1 ,  the noise level should  not 
exceed 5 5  dBA between 7 :00 am and 8 :00 pm and 45 dBA between 8 :00 pm and 7 :00 am. 
Inspection of Table 4 .8 ,  4.9 and Figure 4 . l 0 for the current and future scenarios shows that 
the noise level is more than 7- 1 1  dBA higher (especially at night time) than the regulatory 
l imits in certain locations surrounding DIA. For example, at the location point N2 (Al 
Rashidiya), the LAeq under the current time is 57 . 5  dBA, while it is expected to be 59.2 
dBA in 20 1 0  and 59.9 dBA in 20 1 5 . It should be noted that the noise l imits in the local 
order 6 1 / 1 99 1  are considered general and do not specify the land-use ( i .e . ,  commercial, 
residential industrial, etc) .  
The WHO guideline values for community noise state that the noise level for outdoor 
living area should not exceed 55 dBA (LAeq) .  For indoors, the noise level should not 
exceed 3 5  dBA for dwell ings, and 30 dBA, and a maximum of 35 dBA for school class­
rooms and inside the bedrooms. Moreover, the FAA, as indicated in Table 2 .6, set the 
noise level for residential areas, other than mobile homes and transient lodgings, at 65 dBA 
or less. 
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Figure 4. 1 0 : Noise level in the vicinity of DIA using one runway 1 2L/30R 
4.5 M I T I G AT I ON MEA VRES 
4.5. 1 U ing I NM oftwa re 
Recent history reveals that environmental concerns can l imit the expansion of existing 
airports and the construction of new airports. Environmental concerns have also been the 
dri ing force behind the resistance of communities near airports to increases in the number 
of aircraft operations and to changes in the flight path of aircraft arriving and departing 
from airports. ince runways and the terminal airspace around airports are the critical l inks 
between en-route or cruise operations and surface operations, they limit the number of 
operations that may be conducted at an airport and, by extension throughout the global 
aviation system. Determining ways to maximize the util ization of these links while 
minimizing the environmental impact of aircraft operations is critical to ensuring the 
growth of aviation (Clark, 2003). 
D IA is currently  running several different scenarios of runway usage with a possibil ity of 
constructing new tracks in the future. Nowadays (2008), one of the adopted scenarios is  
util izing the two runways by using 30L for arrival and I 2L for departure (simulated in this 
study as Case 1 2). On the other hand a mitigation scenario was simulated by moving the 
operation to the second runway end with aircraft arrival and departure from east to west in 
order to decrease the impact on residential areas. In this case, 30R is used for arrival and 
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1 2R i u ed for departure ( ase 1 3) .  imulation results for Case 1 2  and Case 1 3  are ShO\\ll 
in Figure 4. 1 1 . The figure hows that the noi e contour shape changed and the number of 
affected area were reduced from the east side; mainly for areas which are affected by a 
noise le\- el of 65 dBA or more. 
Table 4 . 1 2  pre ent the predicted noise level of LAeq and LAma.x ith considerations of 
future expan ion fraction for the aircraft at the end of 20 1 0  ( 1 0 .4% annual increase) . Also 
two ne'.' cenarios have been simulated by switching the direction of the runways (to the 
we t) u ing 1 2L for the arri al and 30L for departure (Case 1 4), then again changing the 
rum ay end point \ ith the same direction 1 2R for arrival and 30R for departure (Case 1 5) ,  
to find out the difference of using different runway for departure and arrival according to 
the wind directions. 
Table 4 . 1 2  Al 0 shows that by mo ing the operation of Case 1 2  to the second runway ends, 
(Ca e 1 3) with the same direction (east, 1 2L as D to 1 2R as D and 30L as A to 30 R as A), 
a decrea e in most of the residential areas noise level by 3 dBA is obtained, For example, 
at 2 (AI Ra hidiya) location point the noise level decreased from 52 .8  (Case 1 2) to 49.3 
dBA (Case 1 3) .  Similarly, at N3 (Mirdif) the noise level decreased from 5 5 .2 to 50.2 dBA. 
On the contrary the noise level at N5 (AI Khabaisi) increased 1 2  dBA under the conditions 
of Case 1 3 .  This i ncrease would be acceptable as this location is mainly a commercial area 
that is c losed late night and high buildings in the area act as noise barriers. 
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Figure 4. 1 1 :  LAeq at DIA as a result of switching the runway end points of the departure 
and arrival . Using 1 2L 1 00%D, 30L 1 00%A - Case 1 2  (top) and 1 2R 1 00% D, 30R 1 00% 
A- Case 1 3  (bottom). 
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The ame i shoWTI for ase 1 4  and ase 1 5  using the opposite direction of the runways 
(we t). In ase 1 4  the imulated noi e level at most location points was within the limit 
except at 2 ( I Rashidiya) and 3 (Mirdif) .  In Case 1 5 , where all flight operations are 
moved to the econd runwa ends of the same directions (e.g. I 2L as A to 1 2R and 30L 
as 0 to 30R as D) a reduction of 3 and 8 dBA is obtained, compared to that of Case 1 4, at 
2 ( I Rashidi a) and 3 (Mirdif), respecti ely. On the other hand an increase in the 
noi e level at other points wa noticed. but the limit \ as sti l l  within the acceptable level 
exc pt at point 5 ( I Khabaisi) . Nonetheless, N5 (AI Khabaisi) is a commercial area. 
T bl  4 1 2 a e . d 20 1 0  : NOise eve un er mItigatIOn scenarIOs 
Noise level (dBA) by zone 
Residential Commercial 
Ca e Operation N 1  N2 N3 N4 N6 N5 N7 
direction 
LAea 
Case 1 East 49.2 57 . 5  55 . 6  50.8 62.0 50. 1 62 .5  
Case 1 2. 1 2L 1 000/oD, East 52 .4 52 .8  55 .2  54.2 53 .7  65.4 66. 1 
30L 1 000 0A 
Case 1 3 ,  1 2R 1 00% 5 5 . 5  49 .3  50 .2 52 .8 43 .3  77.4 5 1 . 1 
D, 30R 1 00°'0 A 
Case 1 4, 1 2L 1 00°'0 West 40.7 66.5 69.4 4 1 .7 29.0 55 .2  34.6 
A, 30L 1 00�0 D 
Case 1 5, 1 2R 1 00° 0 45 . 3  63 . 5  6 1 .3 44.2 30 .6 66.0 37 .9 
A,  30R 1 00° 0 D 
LAm ax 
Case 1 2, 1 2L 1 00°'00, East 75 .3  72.4 74. 1 76.2 80.7 94.8  1 02 .8  
30L 1 00%A 
Case 1 3 ,  12R 1 00°'0 76.8 66.5 67.3 73 .8  6 1 .9 1 08. 73 .5  
D, 30R 1 00°/0 A 1 
Case 14 ,  12L 1 00° 0 West 6 1 .6 90.3 95.0 63.2 48 .2 75 .2 54.2 
A, 30L 1 00% D 
Case 1 5, 1 2R 1 00°'0 65.7 86.9 88 . 5  65 .9 5 1 .2 89.0 54.2 
A, 30R 1 00% D 
By comparing, for example, the results of Case 1 3  with those under the current conditions 
(Case 1 ), it can be seen that a reduction in the noise level of more than 5 dBA is obtained 
at N2 (Al Rashidiya), N3 (Mirdif), N6 (Al M amzer) and N7 (AI Harnrriya) locations. 
There was an increase of 6 2 and 27.4 dBA at N l  (AI Garhoud), N4 (Al Tawar 1 ), and N5 
(Al Khabaisi) locations, respectively. At N4 (AI Tawarl ), the increase is  stil l  within the 
standard acceptable level, while at N5 (AI Khabaisi) the level is very high, but could be 
manageable for a commercial, not residential, area. Results of the two mitigation scenarios 
(Case 1 3  and Case 1 5) show that different usage of the runways causes a reduction in noise 
at some places compared with other areas. This will be helpful in distributing the noise 
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over a larger area instead of making it focused at some residential areas where 1 2 ( 1 
Ra hidiya), . 3 (Mirdif) and 1 4 ( 1 Tawar l )  are located. 
It hould be indicated that the distribution of flight tracks could be effecti e in reducing the 
noi e le\ el around Dr . lthough thi was not conducted in this study, it could be 
e plored with the aid of the AT . 
The preferential runway concept is based on optimizing runway uti l ization under wind 
weather, demand, and airport layout constraints to minimize population impacts by taking 
ad antage of uneven population distribution around the airport. Preference is given, if 
weather permits, to runways for which arrival and departures affects the fewest people (e.g. 
I Khabi i ,  1 3450). Considerable effort can be devoted to determining which runway 
flight track combination creates the least noise impact (Horonjeff and McKelvey, 1 994). 
Moreo er it was studied by Clemente (2004) that the control and evaluation of the effects 
of aerial traffic in the icinity of airports can be carried out from two different approaches: 
monitoring and modeling using predictive techniques. The second one is more economical 
and practical but it may offer erroneous results unless they are continuously validated and 
optimized b using real measurements. 
Therefore Clemente concluded that "the most efficient solution is a combination of 
predictive techniques and a system of environmental monitoring that al lows the real 
control of noise in the most sensitive or conflicting areas, as wel l  as a continuous 
comparison and optimization of the noise model chosen" (Clemente, 2004). Some adopted 
mitigation measures at different airports around the world are presented in the next 
sections. 
4.5.2 Other airports p ractices. 
Many airports have adopted different mechanisms to reduce and maintain the noise level 
for those who l ive in the surrounding areas, As stated by Clark (2003) "if reductions in the 
environmental impact of aircraft operations are to be achieved, then either (a) the number 
of operations must be reduced, (b) the type of aircraft must be changed, or (c) the 
operational rules and procedures must be changed". The first point can not be achieved at 
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DIA gl\ en the anticipated future grovvth. Options b and c have been implemented in many 
countne and re ulted in an effective enhancement in the quality of the residential areas 
surrounding the airport. In mo t of the countries where charges are made on noisy aircraft, 
the revenue is u ed to find out an acoustical solution for the surrounding buildings 
(Morrell 2000). 
n the other hand. a new tool called 01 HHH " as de eloped and used to redesign the 
arrival and departure trajectories into and out of airports (Cappozzi et aI . ,  2003) .  Australia 
is one of the countries where a community survey on aircraft annoyance is considered in 
setting legi lations and strategic planning along different airports (Black et aI . ,  2007) . 
Final l , the International Civil iation Authority (ICAO) Committee on Aviation 
Environment Protection (CAEP) has set a "balanced approach' which is intended to 
identify noi e problems at an airport and analyze different measures to reduce the level of 
noi e. The main four principles co ered in the balanced approach are: reduction of noise at 
source; land-use planning and management, noise abatement operational procedures; and 
operating restrictions (ICAO, 2007) . Detai ls of the above mentioned practices are 
mentioned in Appendix E. 
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C HA PTE R S 
RESULTS OF THE COMMUNITY NOISE SURVEY 
5.1  GENERAL DESCRIPTION 
\ mentioned in ection 3 .6. indi\ idual nOIse urvey forms v,,'ere distributed in the 
communit), urrounding Dr . total of 1 72 out of 1 90 completed forms were collected. 
The re ult of the urvey are ummarized in Table E 1  of Appendix F. The percent 
distribution of the age of the respondent and the number of years they have been Ii mg m 
the urve area are hown in Figures 5 . 1  and 5 .2 .  
Figure 5 . 1  hO\v that the majority (45%) of the respondents were 2 1 -30 years, with about 
33% between 3 1 -40 year , and Ie s than 1 3% of the respondents were older than 4 1  years. 
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F igure 5. 1 :  Age of the survey respondents 
[] <20 yrs 
0 2 1 -30 yrs 
3 1 -40 yrs 
. 4 1 -50 yrs 
� >50 yrs 
Figure 5 .2 shows that about 64% of the respondents have been l iving in the surveyed area 
for more than 9 years. Also, about 4 1  % have been l iving in the surveyed area between 1 -9 
years. A small fraction (4. 1  %) of the respondents has been l iving in the survey area for less 
than a year. 
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Figure 5.2: umber of years respondents l ived in the surveyed area 
5.2 H EAL TH STATUS 
In response to the question if  the respondent has inovmnia/sleepless, epilepsy, ear 
infection, or chronic headache, about 57% of the respondents indicated that they do not 
have any of these diseases as presented in Figure 5 . 3  (top). However, about 1 6% of the 
respondents were sleepless and 2 1  % suffer chronic headache. Relating these symptoms to 
aircraft noise is beyond the scope of this work and requires a comprehensive survey 
considering the detailed occupational situation of each respondent and the detail exposure 
time. It should be mentioned that the above symptoms are not specific to a certain age 
group but are found among the different age groups. 
Figure 5.3 (middle) presents the percentage of respondents who are under medication. The 
majority (85%) of the respondents do not take medication on regular basis, but about 1 5% 
are under medication. Surprisingly, most of the old respondents do not use medicines. 
Figure 5 .3  (bottom) shows that the majority (98%) of the respondents do not use hearing 
aids. 
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F igure 5.3 : Health aspects of the respondents. Percent acquired diseases (top), percent 
under medication (middle), and percent using hearing aids (bottom) 
5.3 I M PACT OF A I RC RAFT �OISE ON DAILY ACTIVITIES 
One of the major armoying aspects of noise is the impact of long noise exposure on the 
dai ly normal acti\'ities indoor as wel l  as outdoor. Figure 5 .4 show that 78% of the 
respondents were annoyed by the noise level due to aircraft movement at DIA, mainly in 
the areas which are inl ine with the fl ight path (e.g. Mirdif) while 1 9% of the respondents 
indicated they are not anno ed. Most of those who were not annoyed l ive a distance from 
the airport (e.g. Al Rashidyia north and ad Shamma). A high percentage of annoyed 
respondents indicates that aircraft noise is a problem affecting the community surrounding 
DIA. 
3% 
D Yes 
78% 
Figure 5.4:  Percentage of noise annoyed respondents. 
Figure 5 .5  (top) displays the most affected areas by aircraft noise based on respondents' 
input. It is c lear that there is a difference in the percentage of people annoyed among the 
different areas, and even within the same area (Al Rashidiya). This is again due to 
differences in the distance from the airport as wel l  as the location within the path of the 
runway and the flight tracks. The most affected areas (from a respondent point-of-view) 
are Al Tawar and Mirdif. Mirdif is located along the south runway path 1 2RJ30L and Al 
Tawar is located along the north runway 1 2L130R, particularly Al Tawar3 . 
To further see the impact of aircraft noise on the level of annoyance in the surrounding 
community we divided Al Rashidiya area (which is the biggest residential area among 
those surve} ed with the highest number of population) into three regions (north middle 
and south) depending on the distance from the airport. As we move to the south ( i .e .  away 
from the airport), less people complain about annoyance from aircraft noise as displayed in 
Figure 5 . 5  (top). In the north, more than 87% of the respondents indicated that they are 
highly annoyed by aircraft noise. In the middle of Al Rashidyia, the percentage decreased 
to almost 64%, and only 30% in the south indicated noise annoyance. Overal l ,  the percent 
annoyed among all respondents ( i .e .  1 73 respondents) reaches almost 72%. 
On the average, people annoyance from aircraft noise was high in most of the areas 
surrounding the airport, while a relatively high percentage of respondents l iving in Mirdif, 
Al  Tawar3 and part of Al Rashidiya were very annoyed by aircraft noise. On the contrary, 
40% or more of those l iving in Nad Shamma, Muhaisna 1 and south of Al Rashidiya were 
slightly annoyed. Figure 5 . 5  (bottom) indicates that of those annoyed, about 60% are 
either highly or very highly annoyed. Within the same area, some respondents are l ittle or 
highly annoyed from aircraft noise with a percentage that varies between 28-60%. This 
indicates that the sensitivity of people also varies within the same area. 
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Figure 5.5:  Percentage of respondents annoyed from aircraft noise as per the survey area 
(top) along with the associated annoyance level (bottom). 
Most annoyance (50%) from aircraft noise in the vicinity of DIA occurred during the night 
as shown in Figure 5 .6 .  The figure also shows that the highest percentage of those who are 
annoyed during the night l ive in middle of Al Rashidiya and Al Tawar3 . However, for 
even the quieter areas such as Muhaisnal and Nad Sharnma, respondents indicated that 
------------------�----______ o� _____________ _ 
they are mostly annoyed during night time. Less than 40% and 30% of the annoyed 
respondent indicated annoyance during the evening and morning time, respectively. 
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Figure 5 . 6 :  Distribution of annoyance from aircraft noise during the day as per the survey 
area. 
Figure 5 . 7  (top) demonstrates that for areas adjacent to the airport such as Al Rashidiya 
and Mirdif, the level of sleep disturbance is much higher than that for other areas like 
Muhaisnah l .  For areas to the northeast of the airport (AI Tawarl and Al  Tawar2) more 
than 60% of the respondents indicated sleep disturbance.  Overal l ,  about 34% of the 
annoyed respondents indicated a high sleep disturbance. Moreover, most of the annoyed 
respondents (46%) indicated that disturbance occurred the most during night time (Figure 
5 . 7  bottom). 
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Figure 5.7:  Sleep disturbance level due to aircraft noise as per the survey area (top) and 
distribution of sleep disturbance during the day as per the survey area (bottom), 
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5.4 I M P  CT O F  O I S E ON  SOC IAL ACTIVI T I E S  
For the impact on the reading and communication, 45% o f  the annoyed respondents 
indicated that there is high effect of aircraft noise on the reading and communication 
(Figure 5 . 8) .  
7% 
48% 
45% 
o L  o H  
Figure 5.8 :  Effect of aircraft noise on reading and communication. 
Figure 5.9 (top) demonstrates that the level of disturbance on watching TV i s  fluctuating 
between low (53%) and high (40%) level .  The impact was higher during the evening time 
(49%) than the morning and night time (both were almost 25%) as shown in Figure 5 .9  
(bottom). 
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Figure 5.9 : Effect of aircraft noise on watching TV (top) and time of the effect during the 
day (bottom). 
For other daily and social activities, 52% of the annoyed respondents indicated that there is 
high impact (Figure 5 . 1 0 top). The effect occurs mainly in the evening as shown in Figure 
5 . 1 0  (bottom). A lesser percentage indicated interference of noise with social activities in 
the morning (3 3%) and at night (2 1 %). 
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Figure 5. 1 0 :  Effect of aircraft noise on dai ly and social activities (top) and time of the 
effect on the daily  activities (bottom) 
Figure 5 . 1 1  indicates that there are other effects of aircraft noise on respondent' s  l ife, 
especially for those living c lose to the airport. The main impact of noise specified by the 
respondents is the loss of entertainment with children in the house park. Also, some 
indicated a continuous disturbance of noise leading to nervousness. Other respondents even 
indicated house structural damage especial ly those l iving in Mirdif  area. 
0") 
orne respondents suggested to convert the community area to a commercial areas or to 
move the airport. Others were more speci fic and suggested changing the direction and the 
runway usage. 
1 00 
80 
... 60 c: 
� 
Q) 40 0.. 
20 
0 
z 
ro £ 'E. 
� 
< 
� 16 .- N C') ...... .,- � ro 
$ � $ 
12 � £ £ � CIJ � :.E � 'E. � f-� < < < :J � < � < 
A re a s  _ Yes o No 
Figu re 5. 1 1 :  Percent respondents indicating other effects of aircraft noise on their daily 
activities. 
Figure 5 . 1 2  shows that for areas such as Mirdif, Al Tawar 1 ,  2, 3 and Al Rashidya, the 
results were consistent with the findings found for noise simulation under current 
conditions using the INM.  As explained previously, this is because these areas are c lose to 
the airport and inline with the flight path. For other areas of experience like Muhaisnah and 
ad Shamma, it was found that there is a difference in the noise survey results and INM 
predicted noise level . For Muhaisnah it is a fact that most of people who have been 
interviewed used to move from Rashidya which is highly annoyed and they get used to l ive 
with less quieter area. For Nad shamma the predicted noise level was found higher than 
that in Mirdif, AI Tawar and AI-Rashidya, while actual noise level in Nad shamma could 
be lesser due to the fact that the area is not adjacent to the airport boundaries and more 
protected from noise due to existing building (barriers). The INM probably could not 
account for such barrier and thus predicted a higher noise level .  The other explanation 
could be due to the assumed flight path where it passes directly over Nad sharnm , given 
that the area is small compared to other areas an error in the assumed flight path direction 
could amplify the noise level 
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Figu re 5. 1 2 :  Relationship between predicted noise level and reported annoyance 
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C H A PTE R 6 
CONCLUS I O N S  AND R E CO M M E N DA T I ONS 
6. 1 C O N C L U  I ONS 
Based on the results of this  study it was concluded that: 
1 .  oise measurements in the icinity of DIA show that the equivalent noise level varies 
from 45-65 . 1  dBA during nonnal flight hours and from 43 .8 -69.4 dBA during busy flight 
hours. Also. there was a reduction in the noise level by almost 8 dBA between day and 
night time measurements. 
2. Under the current and future flight conditions, and using the south runway 1 2R130L for 
flight operation, the noise level is 7- 1 1 dBA higher (especially at night time) than the 
regulatory limits at certain locations surrounding DIA. Predicted noise level at the end of 
20 1 0  at AI Rashidiya and Mirdif are 62.3 and 65.2 dBA, respectively .  The predicted noise 
Ie el  at the end of 20 1 5  at the two community locations wil l  rise to 63 and 65 .9 dBA, 
respecti vel y. 
3. Measured noise levels in the vicinity of the airport were close to those predicated under 
the current conditions. 
4 .  The predicted noise level at the runway endpoints fel l  in the range of 8 1 .9-89.7 dBA 
under the current flight conditions. However, the INM general ly over predicts the noise 
level by about 7 dBA for points close to the runway ends. This could be due to the fact that 
local acoustical variables are not averaged or actual takeoffllanding points occur prior to 
those specified in the model .  
5 .  An increase in the percentage of departures from a certain runway end point results in an 
increase in the noise level at that point relative to the noise level at the other side of the 
runway. 
6. Residential areas located at the same path of the north runway such as Al Khabaisi are 
the most affected by aircraft noise due to flight operation on runway I 2L/30R. For AI 
Khabaisi,  it was found that the predicted alue under the current condition was 62 .0 dBA 
and the measured value was 6 1 . 5 1  dBA. While using the southern runway ( 1 2R130L) and 
based on the predicted noise alues, Al Rashidiya, M irdif and Al Khabaisi  wil l  be 
profoundly affected as the new runway is shifted down and becomes closer to these 
locations 
7. plitt ing the flight volume between the two runways causes spreading of the noise to a 
wider area with a general reduction in noise level on affected areas compared to the 
conditions when one runway is in operation. 
8. Different usage of the runways end in the mitigation scenarios causes a reduction in 
noise at some places by 3 -8  dBA compared with the level at other areas. 
In the surveyed areas surrounding DIA, 78% of the respondents were annoyed by the noise 
Ie el due to aircraft movement at DIA, mainly in the areas inl ine with the flight path. 
9. There is a difference in the percentage of people annoyed among the surveyed areas due 
to differences in the distance from the airport as wel l  as the location within the path of the 
runway and the flight tracks. The most affected areas based on respondents' input are 
AlTawar and Mirdif. 
1 0. About 34% of the annoyed respondents indicated a high sleep disturbance while 46% 
indicated that disturbance occurred the most during night time. 
6.2 RECOMMENDATIONS 
1 .  The distribution of fl ight tracks could be effective in  reducing the noise level around 
DIA. It is thus recommended that the impact of reshaping the arrival and departure 
trajectories into and out of DIA be explored with the aid of the ATe. 
2. In order to reduce the noise level at residential areas due to aircraft movement at DIA, 
one or more of the fol lowing counter measures may be adopted: (a) the number of 
--------------------------� ____ �_ IO 
operations to be reduced, (b) the types of allowed aircraft might be revisited and changed, 
or (c) the operational rules and procedures may be changed . 
3 .  ccording to Morrell (2000), "the Environmental charges are considered to be an 
effecti e and economic way to offset the externalities whi le, on the other hand, they 
encourage airl ines to use more environmentally friendly aircraft. Also, increases in charges 
for noisier aircraft can be balanced by reductions in charges for quieter aircraft. This can 
cover the costs of: noise monitoring, noise insulation for housing and purchasing houses 
and land in areas adversely affected by noise" .  
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A P P E N D I X  A 
I N M DATA BAS E  
Table A t :  Flight operation used in the INM simulations arranged by aircraft type 
AC AlC2 
727 D l 7  
727 D I 7  
727 D I 7  
727 D l 7  
727 D 1 7  
727 D 1 7  
I 727 D l 7  
727-200 
727-200 
727-200 
727-200 
727-200 
727-200 
2 727-200 
747-200B 
747-200B 
747-200B 
747-200B 
747-200B 
747-200B 
3 747-200B 
757 RR 
757 RR 
757 RR 
757 RR 
757 RR 
757 RR 
4 757 RR 
A3 1 0  
A3 1 0  
A3 1 0  
5 A3 1 0  
2 A ircraft Type 
3 Operation type 
4 Runway 
S Arrival 
6 Departure 
Op3 
Type 
AS 
A 
D6 
D 
D 
D 
D 
A 
A 
D 
D 
D 
D 
D 
A 
A 
D 
D 
D 
D 
D 
A 
A 
D 
D 
D 
D 
D 
A 
A 
A 
A 
RwY' ID TRACK ill l 
1 2L DESD I I  
30R BUBIN I  
I 2L ST-RANB l l 
I 2L TARDI-R I 
1 2L TARDI-L l 
30R RANBI3 
30R TARD I l  
1 2L DESDI l 
30R BUB IN 1 
1 2L ST-RANBI l  
1 2L TARDI-RI  
I 2L TARDI-L l 
30R RANBI3 
30R TARD I l  
I 2L DESDI I 
30R BUB IN 1 
1 2L ST-RANBI l  
1 2L TARDI-R l 
1 2 L  TARDI-L l 
30R RANBI3 
30R TARDI I 
1 2L DESDI I 
30R B UB IN I 
1 2L ST-RANBI l  
1 2L TARDI-R l 
1 2L TARDI-L l 
30R RANBI3 
30R TARD I l 
1 2L DESDI I 
1 2L DESDn 
I 2L DESDI 1 
30R B UB IN I 
�--�----------------�--________ l O  
lNM 
Night-
Daytime Evening time 
7- 1 9  1 9-22 22-7 Comments 
1 . 52  0.00 0.23 
2 . 82 0.00 OA3 
1 .30  0.09 0.00 
1 .25 0.09 0.00 
OA6 0.03 0.00 
0.7 1 0.05 0.00 
0.92 0.07 0.00 
3 . 1 5  OA7 1 .28 
5 .85  0.87 2 .38  
1 . 58  0.56 1 .30 
1 . 52 0.54 1 .25  
0 .56 0.20 OA6 
0.86 0.30 0.7 1 
1 . 1 2  OAO 0.92 
1 .75 1 .05 2 .33 
3 .25  1 .95 4.33 
l AO 0.56 1 .96 
1 .34 0.54 1 .88 
0 .49 0.20 0 .69 
0.76 0.30 1 .07 
0.99 DAD 1 .38  
0 . 1 2  0.00 0.00 
0.22 0.00 0.00 
0 .09 0.00 0.00 
0.09 0.00 0.00 
0 .03 0.00 0.00 
0 .05 0.00 0.00 
0.07 0.00 0.00 
1 1 .3 2  4 .55 6.65 
3 .73 1 .28 1 .87 
2 .22 4.32 5.72 
1 7 .27 1 0 . 1 5  1 4.23 
2 1 .02 8A5 1 2.35  
A3 1 0  A 30R BUB IN 1 6.93 2 .38 3 .47 
A3 1 0  A 30R BUBIN I 4. 1 2  8.02 1 0.62 
32.07 1 8 .85 26.43 
A3 1 0  D 1 2L ST-RANBI l  8.20 2 . 1 4  7.73 
A3 1 0  D I 2 L  ST-RANBI I 3 .26 0.56 1 .5 8  
A3 1 0  D 1 2L ST-RANBI l 2.52 0.75 6.34 
1 3 .98 3.45 1 5 .65 
A3 1 0  D I 2L TARDI-R l 7.87 2.06 7 .43 
A3 1 0  D 1 2L TARDI-R l 3 . 1 3  0.54 1 . 52 
A3 1 0  D I 2 L  TARDI-R l 2.42 0.72 6.08 
1 3 .42 3 . 3 1 1 5 .03 
A3 1 0  D I 2L TARDI-L l 2 .90 0.76 2.73 
A3 I O  D I 2L TARDI-L l 1 . 1 5  0.20 0.56 
A3 I O  D I 2L TARDI-L l 0.89 0.26 2.24 
4.94 1 .22 5 .53  
A3 1 0  D 30R RANB13  4.47 1 . 1 7  4.2 1 
A3 1 0  D 30R RANB13 1 .78 0.30 0.86 
A3 1 0  D 30R RANBB 1 .37  0.4 1 3 .45 
7.6 1 1 .88 8 .53  
A3 1 0  D 30R TARDI 1 5 .80 1 . 52 5 .47 
A3 1 0  D 30R TARD I l 2 .3 1 0.40 1 . 1 2 
A3 1 0  D 30R TARDI l 1 .78 0.53 4.48 
9.89 2 .44 1 1 .07 
A320 A 1 2L DESDI I 5 .60 2.68 2.45 
A320 A I 2L DESDI 1 1 .98 1 . 1 7  0.47 
7 .58 3 .85 2 .92 
AN 1 2  
added 8.48 3 .93 3 .24 
A320 A 30R BUB IN 1 1 0.40 4.98 4.55 
A320 A 30R BUB IN I 3 .68 2 . 1 7  0.87 
1 4 .08 7. 1 5  5 .42 
AN 1 2  
added 1 5 .75 7.30 6 .02 
A320 D 1 2L ST-RANBI I  4 .84 1 . 58 2 . 1 4  
A320 D 1 2L ST-RANBI l  1 .58  0.56 1 .02 
6.43 2 . 1 4  3 . 1 7  
AN 1 2  
added 6.72 2 . 1 4  3 .98 
A320 D 1 2L TARDI-R I 4.65 1 . 52 2.06 
A320 D 1 2 L  TARDI-R l 1 .52  0.54 0.98 
6. 1 7  2 .06 3 .04 
AN 1 2  
added 6.28 2 .06 3 .3 3  
A320 D 1 2L TARDI-L I 1 .7 1  0.56 0.76 
A320 D 1 2L TARDI-L I 0 .56 0.20 0.36 
2.27 0.76 1 . 1 2  
AN 1 2  
added 2 .38 0.76 1 .4 1  
A320 D 30R RANBB 2.64 0.86 1 . 1 7  
A320 D 30R RANBB 0.86 0.30 0.56 
3 .50 1 . 1 7  1 .73 
6 AN 1 2  3 .66 1 . 1 7  2 . 1 7  
l Oa. 
added 
A320 D 30R TARD I l  3 .43 1 . 1 2  1 . 52 
A320 D 30R TARD I l  1 . 1 2 0.40 0.73 
4 .55  1 . 52 2 .24 
AN 1 2  
added 4.76 1 .52 2 .82 
A342 A 1 2L DESDI l 0.82 1 . 1 7 3 .50  replaced by 
A342 A 30R 8UBIN l 1 . 52 2 . 1 7  6.50 DC870 
A342 D 1 2L ST-RANB I I  1 .2 1  0.56 2 .80 
A342 D I 2L TARDI-R I  1 .  J 6 0.54 2.68 
A342 D I 2L TARDI-L I 0.43 0.20 0.99 
A342 D 30R RANBI3 0.66 0.30 1 . 52 
7 A342 D 30R TARDI l 0.86 0.40 1 .98 
Cancelled 
AN 1 2* I .05 A i 2L DESDn 0 .90 0.08 0.33 and 
AN 1 2 * 1 .05 A 30R 8UBIN 1 1 .67 0. 1 5  0.6 1 it been 
AN I 2  D I 2L ST-RANBI I  0.28 0.00 0.75 Added to 
AN I 2  D I 2 L  ST-RANB I l 0.00 0.00 0.03 A320 
AN 1 2 * 1 .05 0.29 0.00 0.82 
AN I 2  D 1 2L TARDI-RI  0.27 0.00 0 .72 
AN 1 2  D I 2L TARDI-RI  0.00 0.00 0.03 
AN 1 2* 1 .05 0.28 0 .00 0.78 
AN I 2  D 1 2L TARDI-L l 0. 1 0  0.00 0.26 
AN I 2  D 1 2L TARDI-L l  0.00 0.00 0.0 1 
AN 1 2 * 1 .05 0. 1 0  0.00 0.29 
AN 1 2  D 30R RANBI3 0. 1 5  0.00 0.4 1 
AN 1 2  D 30R RANBI3 0.00 0.00 0.02 
AN 1 2* 1 .05 0. 1 6  0.00 0.44 
AN I 2  D 30R TARDI I 0.20 0.00 0 .53  
AN 1 2  D 30R TARDI l 0.00 0.00 0 .02 
8 AN I 2 * 1 .05 0.2 1 0.00 0 .58 
8733 A 1 2L DESDI I 0.82 0.35 0.58 
B733 A 30R BUB IN 1 1 .52  0.65 l .08 
B733 D 1 2L ST-RANBI l  0 .84 0. 1 9  1 .02 
B733 D 1 2 L  TARDI-R i 0 .8 1 0. 1 8  0.98 
B733 D I 2L TARDI-L l 0.30 0.07 0.36 
B733 D 30R RANBI3 0.46 0. 1 0  0 .56 
9 8733 D 30R TARDI l 0.59 0. 1 3  0.73 
874 1 A 1 2L DESDI I 0.00 0 . 1 2  0.00 
B74 1 A 30R BUB IN 1 0.00 0.22 0.00 
B74 1 D I 2L ST-RANBI l  0.00 0 .09 0.00 
B74 1 D 1 2L TARDI-Rl 0.00 0.09 0.00 
B74 I D 1 2L TARDI-L l 0.00 0.03 0.00 
B74 1 D 30R RANBI3 0.00 0.05 0.00 
1 0  B74 I D 30R TARDI l 0.00 0.07 0.00 
B744 A 1 2L DESDI I 2 .22 0.70 1 .63 
B744 A 30R BUBIN I 4. 1 2  1 .30  3 .03 
B744 D 1 2L ST-RANBI l  2 . 1 4  0.28 1 .2 1  
B744 D 1 2L TARDI- R l  2.06 0.27 1 . 1 6  
B744 D 1 2L TARDI-L l 0.76 0 . 1 0  0.43 
1 1  8744 D 30R RANBI3 1 . 1 7 0. 1 5  0.66 
l O S 
8744 D 30R TARDI I 1 . 52 0.20 0.86 
8752 A 12L DESDI I 0 .47 0.35 0.47 
8752 A 30R BUB IN I 0.87 0.65 0.87 
B752 D 1 2L ST-RANB I l  0.47 0.09 0.37 
B752 D 1 2 L  TARDI-Rl  0.45 0.09 0.36 
B752 D 1 2L TARDI-L l 0. 1 6  0.03 0. 1 3  
B752 D 30R RANBI3 0.25 0.05 0.20 
1 2  B752 D 30R TARDI l 0 .33 0.07 0.26 
B762 A 1 2 L  DESDI I 0.00 0.00 0. 1 2  
1 3  B762 A 30R BUBIN I 0.00 0.00 0.22 
B763 A I 2 L  DESDI I 1 .28 0.58 1 .05 
B763 A 30R BUBIN I 2.38 1 .08 1 .95 
B763 D I 2L ST-RANBI l  0.84 0.28 1 .02 
B763 D I 2 L  TARDI-R I 0 .8 1 0.27 0.98 
B763 D 1 2L TARDI-L l 0.30 0 . 1 0  0.36 
B763 D 30R RANB!  0.46 0. 1 5  0.56 
1 4  B763 D 30R TARDI l 0.59 0.20 0.73 
B772 A 1 2L DESDI I 3 .62 2 .22 1 .28 
B772 A 30R BUBIN I 6.72 4 . 1 2  2 .38 
B772 D 1 2L ST-RANBI l  2.98 0.75 2.05 
B772 D 1 2L TARDI-RI 2 .86 0.72 1 .97 
B772 D 1 2L TARDI-L l 1 .05 0.26 0.72 
B772 D 30R RANBI 1 .62 0.4 1 1 . 1 2 
I S  B772 D 30R TARDI l 2 . 1 1  0 .53 1 .45 
BE33 D 1 2L ST-RANBI l 0.09 0.00 0.00 
BE33 D 1 2L TARDI-R I 0 .09 0.00 0.00 
BE33 D 1 2L TARDI-L l 0.03 0 .00 0.00 
BE33 D 30R RANBI3 0.05 0.00 0.00 
1 6  BE33 D 30R TARDI l 0.07 0 .00 0.00 
Cancelled 
C UD A I 2 L  DESDI I 0.23 0.00 0.00 and 
C 1 30  A 30R BUBIN 1 0 .43 0.00 0.00 Added to 
C 1 30 D 1 2L ST-RANBI I  0.28 0 .00 0.00 A3 1 0  
C 1 30 D 1 2 L  TARDI- R I  0.27 0 .00 0 .00 "Military 
C l 30 D 12L TARDI-L l 0. 1 0  0 .00 0.00 ACFT) 
C 1 30  D 30R RANBI3 0. 1 5  0 .00 0 .00 
1 7  C l 30 D 30R TARDI l 0 .20 0.00 0 .00 
CIT3 A 1 2 L  DESDI l 0 . 1 2  0.00 0.00 
1 8  CITJ A 30R BUB IN 1 0.22 0 .00 0.00 
CL600 A 1 2L DESDI I 0.58 0. 1 2  0 . 1 2  
CL600 A 30R B UB IN I 1 .08 0.22 0.22 
CL600 D I 2L ST-RANBI l  0.47 0.00 0.09 
CL600 D 1 2L TARDI-R I 0.45 0 .00 0.09 
CL600 D 1 2L TARDI-L l 0 . 1 6  0 .00 0.03 
CL600 D 30R RANBI3 0 .25  0 .00 0.05 
1 9  CL600 D 30R TARDI l 0.33 0.00 0.07 
CNA44 1 A 1 2L DESDI I 0 . 1 2  0 .00 0.00 
CNA44 1 A 30R BUBIN I 0 .22 0 .00 0.00 
CNA44 I D 1 2L ST-RANB I l 0 . 1 9  0.00 0. 1 9  
CNA44 I D 1 2 L  TARDI-R l 0 . 1 8  0.00 0 . 1 8  
20 CNA44 1 D 1 2L TARDI-L J 0.07 0.00 0.07 
1 06, ______ � ________ � ______________ __ 
C�A44 1 D 30R RANBI3 0. 1 0  0.00 0 . 1 0  
CNA44 I D 30R TARDI I 0 . 1 3  0.00 0. 1 3  
DC J O  A 1 2L DESDI I 0 . 1 2  0.23 0. 1 2  
DC I O  A 30R BUB TN I 0 .22 0 .43 0.22 
DC 1 0  D 12L  ST-RANBl l  0.28 0.00 0.09 
DC I O  D 1 2L TARDI-R I 0.27 0.00 0.09 
DC I O  D l 2L TARDI-L l 0. 1 0  0.00 0.03 
DC I O  D 30R RANBI3 0. 1 5  0.00 0.05 
2 1  DC 1 0  D 30R TARDI l 0.20 0.00 0.07 
DC8QN A 1 2L DESDI I 0.70 0. 1 2  0.47 
DC8QN A 30R BUBIN l 1 .30 0.22 0.87 
DC8QN D 1 2L ST-RANBI l 0.09 0.09 0 .47 
DC8QN D 1 2L TARDI-R l 0.09 0.09 0.45 
DC8QN D i 2L TARDI-L l 0.03 0.03 0. 1 6  
DC8QN D 30R RANBI3 0.05 0.05 0.25 
22 DC8QN D 30R TARDI l 0.07 0.07 0.33 
DC9Q9 A 1 2 L  DESDI I 1 . 1 7  0.00 0.23 
DC9Q9 A 30R BUB IN 1 2 . 1 7  0.00 0.43 
DC9Q9 D i 2L ST-RANB I l  0.65 0.09 0.47 
DC9Q9 D 1 2 L  TARDI-R 1 0.63 0.09 0.45 
DC9Q9 D I 2L TARDI-L l 0.23 0.03 0. 1 6  
DC9Q9 D 30R RANBI3 0.36 0.05 0.25 
23 DC9Q9 D 30R TARDI l 0.46 0.07 0 .33 
DHC6 A I 2L DESDI I 0.70 0. 1 2  1 . 1 7  
DHC6 A 30R BUBIN I 1 .30 0.22 2 . 1 7  
DHC6 D I 2L ST-RANBI l  0.75 0.00 0.84 
DHC6 D i 2 L  TARDI-R i 0.72 0.00 0.8 1 
DHC6 D 1 2L TARDI-L l 0 .26 0.00 0.30 
DHC6 D 30R RANBI3 0.4 1 0.00 0.46 
24 DHC6 D 30R TARD l l 0.53 0.00 0.59 
DHC830 A I 2L DESDI 1 1 .98 0.00 0.93 
DHC830 A 1 2 L  DESDI I 0. 1 2  0.00 0.00 
DHC830 A 30R BUBIN I 3 .68 0.00 1 .73 
DHC830 A 30R B UBIN I 0.22 0.00 0.00 
DHC830 D 1 2L ST-RANBI l  1 .77 0.09 0.65 
DHC830 D I 2L TARDI-Rl 1 .70 0.09 0.63 
DHC830 D 1 2L TARDI-L l 0.63 0.03 0.23 
DHC830 D 30R RANBI3 0.96 0.05 0.36 
25 DHC830 D 30R TARDI l 1 .25 0.07 0.46 
F l OO A 1 2L DESDI 1 1 .05 0.23 0 . 35  
F I OO A 30R BUBIN I 1 .95 0.43 0.65 
F l OO D 1 2L ST-RANBI l  0.84 0.28 0 . 1 9  
F l OO D 1 2L TARDI-R I 0.8 1 0.27 0 . 1 8  
F I 00 D 1 2L TARDI-L l 0.30 0. 1 0  0.07 
F l OO D 30R RANBI3 0.46 0. 1 5  0 . 1 0  
26 F I OO D 30R TARDI l 0.59 0.20 0 . 1 3  
G550 A 1 2L DESDI I 0.00 0.00 0. 1 2  Cancelled, 
Small 
27 G550 A 30R BUBIN I 0.00 0.00 0.22 Fraction 
GASEPF A 1 2L DESDI 1 1 .98 0.00 0.00 
28 GASEPF A 30R BUBIN I 3 .68 0.00 0.00 
1 �1 ______________________ _ 
GASEPF D 1 2L ST-RANBI l  1 .40 0.00 0. 1 9  
GASEPF D 1 2L TARDI-R l 1 .34 0.00 0. 1 8  
GASEPF D 1 2L TARDI- L l  0.49 0.00 0.07 
GASEPF D 30R RANB13 0.76 0.00 0. 1 0  
GASEPF D 30R TARDl l 0.99 0.00 0. 1 3  
H S I 25 A 1 2L DESDI 1 0. 1 2  0.00 0.23 
H S I 25 A 30R BUBIN I 0.22 0.00 0.43 
H S 1 25 D 1 2 L  ST-RANBI I  0.28 0.00 0. 1 9  
H S 1 25 D 1 2L TARDI-R l 0.27 0.00 0. 1 8  
H S 1 25 D 1 2L TARDI-L l 0. 1 0  0.00 0.07 
H S 1 25 D 30R RANB13 0. 1 5  0.00 0. 1 0  
29 HS 1 25 D 30R TARDI l 0.20 0.00 0. 1 3  
H S748A A I 2 L  DESDI I 1 .05 0.23 0.47 
HS748A A 30R BUB IN 1 1 .95 0.43 0.87 
HS748A D 1 2L ST-RANBI l  1 .02 0.00 0.56 
H S748A D I 2 L  TARDI-R l 0.98 0.00 0.54 
HS748A D 1 2L TARDI-L l 0.36 0.00 0.20 
HS748A D 30R RANBI3 0 .56 0.00 0.30 
30 H S748A D 30R TARDI l 0.73 0.00 0.40 
JS4 1 A 1 2L DESDI 1 0. 1 2  0.00 0.00 
JS4 1 A 30R BUBIN 1 0.22 0.00 0.00 Cancelled, 
JS4 1 D I 2L ST-RANBl l  0.00 0.00 0.09 Small 
JS4 1 D 1 2 L  TARDI-R l 0.00 0.00 0.09 fraction 
JS4 1 D 1 2L TARDI-L l 0.00 0.00 0.03 
JS4 1 D 30R RANBI3 0.00 0.00 0.05 
3 1  JS4 1 D 30R TARDI l 0.00 0.00 0.07 
3 2  L l OO A 1 2L DESDI I 0. 1 2  0.00 0.00 
L I O I  A 1 2 L  DESDI 1 0.00 0.00 0. 1 2  
0. 1 2  0.00 0. 1 2  L l OO and 
L l OO A 30R BUBIN I 0.22 0.00 0.00 L l O I  
L l O l  A 30R BUBIN I 0.00 0.00 0.22 are same 
0.22 0.00 0.22 Cancelled, 
L l OO D 1 2L ST-RANBI l  0.09 0.00 0.00 Small 
L I 0 1  D 1 2 L  ST-RANBI l 0.00 0.00 0.09 Fraction 
0.09 0.00 0.09 
L I OO D 1 2 L  TARDI-R l 0.09 0.00 0.00 
L l 0 1  D 1 2 L  TARDI-R I 0.00 0.00 0.09 
0.09 0.00 0.09 
L I OO D 1 2 L  TARDI-L I 0.03 0.00 0.00 
L l O I  D 1 2L TARDI-L I 0.00 0.00 0.03 
0.03 0.00 0.03 
L I OO D 30R RANBI3 0.05 0.00 0.00 
L I O I  D 30R RANBI3 0.00 0.00 0.05 
0.05 0.00 0.05 
L I OO D 30R TARDI I 0.07 0.00 0.00 
L I 0 1  D 30R TARDl l 0.00 0.00 0.07 
33 0.07 0.00 0.07 
LEAR35 A 1 2L DESDl l 0 .35 0.00 0.00 
LEAR3 5 A 1 2 L  DESDI l 0.00 0 . 1 2  0.00 
LEAR35 A 1 2L DESDI I 0. 1 2  0.00 0.00 
34 0 .47 0. 1 2  0.00 
----------------------------______ ] O�, __ � __ � ________________________ ___ 
LEAR3 5 A 30R BUBIN I 0.65 0.00 0 .00 
LEAR3 5 A 30R BUBIN 1 0 .00 0.22 0.00 
LEAR3 5  A 30R BUBIN I 0.22 0.00 0.00 
0.87 0.22 0.00 
LEAR3 5 D 1 2L ST-RANB I l  0 . 1 9  0.09 0. 1 9  
LEAR35 D 1 2L ST-RANB1 1 0. 1 9  0.00 0.00 
LEAR3 5 D 1 2L ST-RANBI l  0. 1 9  0.00 0.00 
0.56 0.09 0 . 1 9  
LEAR3 5 D 1 2L TARDI-R l 0. 1 8  0.09 0 . 1 8  
LEAR35 D 1 2L TARDI-R l 0 . 1 8  0.00 0.00 
LEAR3 5 D 1 2L TARDI-Rl 0. 1 8  0.00 0.00 
0.54 0.09 0 . 1 8  
LEAR35 D 1 2L TARDI-L l 0.07 0.03 0.07 
LEAR3 5  D 1 2L TARDI-L l 0.07 0.00 0.00 
LEAR3 5 D 1 2L TARDI-L l 0.07 0.00 0 .00 
0.20 0.03 0.07 
LEAR3 5 D 30R RANBI3 0. 1 0  0.05 0 . 1 0  
LEAR35 D 30R RANBI3 0 . 1 0  0.00 0.00 
LEAR3 5 D 30R RANBI3 0 . 1 0  0.00 0.00 
0.30 0.05 0. 1 0  
LEAR3 5  D 30R TARDI l 0 . 1 3  0.07 0. 1 3  
LEAR3 5  D 30R TARD I l  0. 1 3  0.00 0.00 
LEAR35 D 30R TARDI l 0 . 1 3  0.00 0.00 
0.40 0.07 0. 1 3  
M902 A 1 2L DESDI I 0 .47 0.00 0.00 
M902 A 30R BUBIN I 0.87 0.00 0.00 Cancelled 
M902 D 1 2L ST-RANBI I  0 .37 0.00 0.00 
M902 D 1 2L TARDI-R l 0.36 0.00 0.00 
M902 D I 2L TARDI-L l 0 . 1 3  0.00 0.00 
M902 D 30R RANBI3 0.20 0.00 0.00 
3 5  M902 D 30R TARDI l 0.26 0.00 0.00 
MD l l A 1 2L DESDI I 0.82 0.00 0.35 
MD I I A 30R BUB IN 1 1 .52  0.00 0.65 
MD 1 1  D 1 2L ST-RANB I l 0.65 0.00 0 . 1 9  
MD l l D I 2 L  TARDI-R 1 0.63 0.00 0 . 1 8  
MD l l D I 2L TARDI-L l 0.23 0.00 0.07 
MD I I D 30R RANBI3 0 .36 0.00 0. 1 0  
36 MD l l D 30R TARDI l 0 .46 0.00 0 . 1 3  
MD82 A I 2L DESDI I 0.47 0.47 0 . 1 2  
MD82 A 30R B UB IN I 0 .87 0.87 0.22 
MD82 D 1 2L ST-RANBI l  0 .56 0.09 0.28 
MD82 D 1 2L TARDI-R 1 0.54 0.09 0.27 
MD82 D 1 2L TARDI-L l 0.20 0.03 0. 1 0  
MD82 D 30R RANBI3 0 .30 0.05 0. 1 5  
37 MD82 D 30R TARDI I 0.40 0.07 0.20 
MD9025 A 1 2L DESDI 1 0.47 0.00 0.23 
MD9025 A 30R BUBIN 1 0.87 0.00 0.43 
MD9025 D 1 2L ST-RANB I l 0.56 0.00 0.00 
MD9025 D 1 2L TARDI-R I 0.54 0.00 0.00 
MD9025 D I 2L TARDI-LI 0.20 0 .00 0.00 
MD9025 D 30R RANBI3 0.30 0.00 0.00 
38  MD9025 D 30R TARDI I 0.40 0.00 0.00 
00 
MU300 1 A 1 2 L  DESDU 0.58 0 .00 0.00 
MU300 1 A 30R BUBIN I 1 .08 0.00 0.00 
MU300 1 D 1 2L ST-RANB I l 0. 1 9  0.00 0.09 
MU300 1 D 1 2L TARDI-R I 0. 1 8  0.00 0.09 
MU300 1 D 1 2L TARDI-L l 0.07 0.00 0.03 
MU300 1 D 30R RANB13 0. 1 0  0.00 0 .05 
39 MU300 1 D 30R TARDI I 0 . 1 3  0.00 0 .07 
11) ___ _ 
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Ai rcraft Noise S u rvey 
C o m m u n ity Res ponse Form 
This survey is part of a thesis project entitled "Assessment of Noise I m pact of Air  Traffic at Dubai 
International Ai rport" cu rrently u ndertaken in the Environmental Science Master Program at the United Arab 
E m i rates University. The objective of this survey is to establ ish the perceived publ ic opinion on the effects 
of noise due to ai rcraft movement at Dubai International Ai rport. The result  of this survey wil l  be 
communicated to Dubai Airport. 
We would be grateful If you would complete this form in order to assist us with this project 
Area Area Number: 
1 .  Please fill i n  the following questions 
Your age 
Date: 
Less than 20 D 2 1 -3b 31-40 D 41 -50 D above 50 
Number of years you have been living Less than 1 yr D 1 -4  yrs D 5-9 yrs D more than 9 yrs D at thiS address 
2. Occupational Health 
A 
Do you experience any of the following disease. 
Inovmnla D Epilepsy D Ear Infection D Chronic Headache D 
b. Do you use any type of medicine 
c. Do you use any Hearing Aids 
3. Daily and Social live 
a Have you experienced any noise effect due to aircraft movement at Dubai International 
Airport? 
Yes 
Yes 
Yes 
D 
I I 
I I 
I I 
No 
N o  
No 
If your answer to question 2 is "Yes", then please answer the next questions. If your answer to above question (a) is "No", 
then do not answer the next questions. 
Daily lives 
Day 
Time aI da)! 
Evening Night 
b Level of annoyance EJ EJ [i] 0 L:J 1 1 Opm."m I Hi h 
c. Sleep disturbance B � � High Social live: 
d Effect on speech and EJ EJ [i] communication Hi h 
e Interference with speech G;] [;] G[J ar TY High 
f Effect on daily actJvltJes GJ W ru Hi h 
4. Is there any other effect of noise on you r  daily and social live? 
D I I 
CJ CJ 
I I I I 
I I I 
Specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
5. Any other comments 
Thank you for your co-operation 
D 
CJ 
I I 
I 
A P P E N D I X D 
i m u l a ted Noi e u n d e r  C u r re n t  a n d  F u t u re F l i g h t  Operat ion  
'I' . 
a 
b c 
Figure D l :  Simulated LAeq under (a) current, (b) 20 1 0  and (c) 20 1 5  (c) using runway 
1 2RJ30L, Case 2 .  
a b 
Figu re D 2 :  Simulated LAeq under (a) current, (b) 20 1 0, and (c) 20 1 5  (c) using runway 
1 2RJ30L, Case 3 .  
, , -'"  
c 
A P P E N D I X E 
OT H E R  A I R PO RTS P RA CT I C E S  
E . 1 T H E  ROLE O F  A DVANCE D A I R  TRAFFIC MANAG E M E NT 
Clarke (2003) suggested three possible methods for reducing the environmental impacts of 
aircraft operations: 
(a) b reducing the number of operations, 
(b) by changing the type of aircraft, or 
(c) by changing the operational rules and procedures. 
However, it is unlikely to reduce the number of operations, since the demand for aviation 
is expected to grow in the coming 20 years, and passengers place a high value on the 
frequency of flights (Clarke, 2003). 
Clarke (2003) showed a reduction in  the noise produced per unit of thrust that has been 
achieved each year since 1 950  (Figure E l) .  The author demonstrated that the noise 
produced has diminished over time and appears to be asymptotically  approaching a 
constant l evel per unit thrust. Thus, the alternatives available to the aviation community are 
either to design aircraft that require lower thrust or determine ways to operate aircraft at 
lower thrust (i .e .  through changes in flight procedures). 
F light procedures are the means of operating the aircraft-airport-community system. Thus, 
noise abatement procedure represents a way of operating the system with lower noise 
impact ( i .e . ,  at lower thrust) (Clarke, 2003) .  Determination of the appropriate noise 
abatement procedure to use requires consideration of several coupled factors including, 
aircraft performance and trajectory, population distribution and density, noise generated by 
the aircraft, guidance and navigation requirements, flight safety and pilot acceptance, and 
local atmospheric conditions. Clarke (2003) indicated that it is possible to develop a 
methodology for developing noise abatement that incorporates the coupled relationships 
that exist between the above mentioned factors". 
1 1 0 
11.0 
• N.I.I. rrw "" r.r ait?I...,. .. cIa< "'� ot ...... . / Wtlal Jo<ni<o 
Figure E l : Progress in aircraft noise reduction (Clarke, 2003). 
E.2 A I RC RAFT NOISE CHARGE M ECHANISMS 
Taxes or charges offer a way of achieving environmental policy goals at  a lower cost than 
through regulations. Morrel l  and Lu (2000) indicated that the externalities generated from 
commercial fights have various impacts on air and water quality, noise, fuel consumption 
and energy, waste and the ecology. Nuisance from aircraft noise has the greatest impact on 
the community in the vicinity of the airport. 
The first world-wide environmental classification of aircraft is the one described in Annex 
1 6  of the International Civil Aviation Organization (lCAO, 1 993) .  Annex 1 6  subdivides jet 
aircraft into three different Chapters according to their noise certification: 
• Chapter 1 :  aircraft with type license before 1 970 (e.g. B707s). 
• Chapter 2 :  aircraft with type l icense between 1 970 and 1 978 (e.g. B747- 1 00/200s, 
certain B73 7-200s). 
• Chapter 3 :  aircraft with type l icense after 1 978 (e .g. A3 1 0, B757, B767, MD83) .  
To meet the international standard of noise compliance, al l Chapter 2 aircraft was banned 
starting 1 st April 2002. While  this was accepted by the airlines worldwide, the European 
Commission intends to implement a more stringent regulation against hushkitted Chapter 2 
aircraft operating within EU nations. This has recently been the subject of much 
controversy between the United States and EU. 
Beside the ICAO standards most airports have their own specific noise environmental 
management measures. These measures can be classified into noise abatement procedures, 
ground operations restrictions, night flight restrictions, noise surcharges and discounts as 
well as noise penalties (Morrell and Lu, 1 999). Investments by airl ines, for example, in the 
noise protection hangars u ed by Lufthansa/Condor at their Hamburg maintenance base, 
clearly reduce noise significantly (Lufthansa, 1 998) .  Each of the measures targets different 
en ironmental objectives set by each airport . Among the various environmental 
instruments, en ironmental charges are considered to be an effective and economic way to 
offset the externalities, while on the other hand, encourages airlines to use more 
environmental ly friendly aircraft. 
Today, there are 1 6  countries and over 60 airports world-wide which apply noise charges 
on commercial fights. None of these charges, however, is established by measuring the 
actual nuisance caused by aircraft noise. Table E 1  shows how each country calculates the 
charges. 
Table E2 shows how the noise surcharge revenues are used in some European countries. In  
all cases the airport noise charges are revenue neutral (or they resulted in  no  net increase in  
revenues). In other words, increases in charges for noisier aircraft are balanced by 
reductions in charges for quieter aircraft. Where Chapter 2 aircraft operations are falling 
sharply, discounts for quieter aircraft need to be reduced to maintain income. Five of the 
countries l isted in Table E2 have noise abatement investment programs, but these are 
funded from general revenues. 
T bl E l  Cl ' fi  a e asSl l cation of noise related surcharges CIA TA, 1 999)a. 
Not possible to 
Percentage surcbarge or separate noise charge 
discount on landing fee based from landing fee 
on aircraft acoustic categories which varies 
according to aircraft 
acoustic categories 
Country Airport Sur- Discount Night Surcharge Night 
charge surcharge surcharge 
Australia Sydney 1 
Belgium Brussels " " " 
Czech Republic Prague 2 
France b All maior airports " " " 
Germany All maior airports " " 
Italy Al l  maior airports " " 
Japan Some international airports 3 
Korea All international airports " 
Luxembourg Luxembourg " " 
Netherlandsc Amsterdam-Schiphol " " " 
Norway Bodo 4 " 
Sweden Major airports " " 
Switzerland Zur:ich and Geneva 5 
Taiwan All airports 6 
Edinburgh " " 
United Kingdom Glasgow " " 
London-Heathrow " 
Manchester " 
USA Some airports 7 
a ( 1 )  F ixed surcharge per arriving passenger paid by the passenger on ticket; (2) fixed surcharge per tone 
based on aircraft acoustic categories; (3) ftxed surcharges per EPNdB in excess of 83 units; (4) ftxed 
surcharge per Chapter 2 aircraft; (5) fixed surcharges based on aircraft acoustic categories; (6) 
surcharges depending on MTOW and EPNdB exceeding 73 ; (7) specific charge mechanism for the 
individual airport. 
b Besides the noise surcharge based on the landing fee, French airports also have noise tax depending on 
MTOW and the aircraft acoustic group. 
c Besides the noise surcharge imposed by Amsterdam Airport Schiphol, the Dutch government also 
imposes the " Governmental Noise Charges", based mainly on the certificated noise level of each aircraft 
type, at the majority of Dutch airports. 
Aircraft at Amsterdam Airport Schiphol are classified into three categories based on the 
certification data of the aircraft as wel l  as the noise zone calculation model of the airport. 
Noise category 3 includes the nosiest Chapter 3 aircraft and al l Chapter 2 aircraft. These 
aircraft have to pay a noise charge equal to 7.5% of their basic landing charges. The 
quietest Chapter 3 aircraft and most turbo-prop aircraft fal l  into noise category 1 ,  receiving 
a discount of 2.5% of the basic landing charges. The remainder aircraft receives no noise 
charges or discounts. Also, the landing fees for flights landing between 23 :00 and 06 :00 
hrs are increased by 20% to include a noise surcharge (Morrell and Lu, 2000). 
able E2 : Application of noise surcharges at selected airports (Morrell and Lu, 1 999). 
Airport 
France 
Paris Charles de Gaulle 
Germany 
Majority of airports 
Italy 
Rome-Fiumic ino -
etherlands 
Arnsterdam-Schiphol 
weden 
�ockholm-Arlanda 
witzerland 
Geneva and Zurich 
No increase in Noise abatement Pass on to 
revenue investment government 
-J -J -J 
..J -J 
-J -J 
-J -J * 
-J -J 
-J -J 
* The money collected from the " Governmental oise harge" imposed by the Dutch government is entirely used [or the 
oundproofing projects around the airports. 
E.3 0 1  H H H  
isser (2005) suggested another option to reduce the noise impact by re-shaping the arrival 
and departure trajectories into and out of an airport. For this purpose, noise abatement 
routes and procedures as indicated by Capozzi et al. (2003) have to be designed and 
implemented. Erkelens (2000) indicated that most current noise abatement procedures are 
local adaptations of generic procedures, aimed at optimizing aircraft noise footprints. Thus, 
current procedures do not general ly take into account the actual population density and 
distribution at a specific airport site. 
Recently, a tool called NOISHHH is being developed at the Delft University of 
Technology (Visser and Wijnen 200 1 ; Wijnen and Visser, 2003 ; Visserand Wijnen, 2003). 
The tool is  in intended to design noise abatement procedures that aim to alleviate the noise 
impact in residential areas surrounding the airport. NOISHHH combines a noise model ,  a 
geographic information system, and a dynamic trajectory optimization algorithm. The tool 
generates routings and fl ight paths for both arrivals and departures that minimize the noise 
impact around the airport. 
NOISHHH has been extended to inc lude a variety of noise performance criteria. Some of 
the introduced noise criteria are generic in nature (i .e . ,  a criterion that is  based on the total 
area enclosed within a specified noise level contour), while others are site-specific in the 
sense that they depend on the density and distribution of the population around the airport 
(Visser, 2005). 
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In addition the environmental criterion "Fuel" is included in the composite perfonnance 
criterion. This is useful to mitigate the occurrence of "exotic " horizontal arrival routings 
and extremely large transit times that may result from bypassing noise sensitive areas. 
oise abatement trajectories that require large transit times are not only undesirable from 
an environmental point-of-view, but also from an air traffic control perspective (Visser, 
2005). However, an issue of particular concern is the potential loss in airport throughput 
capacity that may result from the application of noise abatement routings of extended 
duration (Visser, 2005). 
E.4 AUSTRA LI A ' S  EXPE R I ENCE 
This section is adopted from Black et al. (2007). It summarizes the Austral ia's experience 
on community noise around the airports. In Australia, there are 28 commercial airports 
where Air Services Australia provides a tenninal service. Community survey on aircraft 
noise and annoyance underpins current environmental policies for airports in the country. 
The dose-response relationship uses the Australian Noise Exposure Forecast (ANEF) as 
the relevant metric to define land-use compatibility surrounding airports. 
EA. 1 Regulations 
The relevant legislation for airport operators and those authorities responsible for au 
navigation in  Australia are summarized below. 
Air Services Act 1 995, Part 2 s. 8(1) and 9(2): Air Services Australia has the function of 
carrying out activities to protect the environment from the effects of the operation of 
Commonwealth j urisdiction aircraft and in a manner to perfonn any functions to ensure 
that, as far as is practicable, the environment is protected. In practice, this is the 
determination of the use of runways and flight paths so as to minimize the noise impact i n  
surrounding residential areas to  an airport. 
Sydney Airport Curfew Act, 1 995 : The objective of this policy is to eliminate noise 
exposure to the community during sleeping hours. Curfew operations at Sydney Kingsford 
Smith Airport, where the surrounding residential population is the largest of any 
commercial airport in Australia, is defmed as being from 1 1  pm to 6 am the next day when 
LG,� __________________ __ 
aircraft. except for those specified under Part 3 of the Act are not permitted to take off or 
land . Those aircraft operations during the curfew period are restricted to take-off and 
landings only over Botany Bay, and there are procedures for controll ing the use of reverse 
engine thrust and missed approaches (Part 2 s. 8 and 9). Breaches attract fines of up to Aus 
550 000. 
Air avigation (Aircraft Noise) Regulations, 1 984 :  This act controls the engagement of jet 
and propel ler aircraft in Austral ia in accordance with rCAO aircraft noise certification. I n  
practice, a subsonic jet is not al lowed to engage in air navigation unless i t  complies with 
Chapter 3 of the noise certificate. 
Airport Act 1 996, Part 6, s. 1 1 6 :  A draft or fmal, airport environment strategy must 
specify inter alia: (a) the sources of environmental impact, (b) the methods of study, 
re iew, and monitoring of the environmental impacts, and (c) the methods to prevent, 
control or reduce environmental impacts. 
Airport (Environment Protection) Regulations, 1 997:  This regulation, in conjunction with 
the previous act, is a Commonwealth Government system of regulation of those activities 
at airports that generate pol lution or excessive noise, and the promotion of sound 
environmental management practices. The noises included in these regulations are 
construction noise ground transport noise (road and rail traffic providing access) and all 
ground-based aircraft operations (aircraft auxil iary power units, aircraft re-fuell ing, 
operation of plant and machinery, and ground-based aircraft running after engine repair 
and maintenance). Schedule 4 Parts 2 and 3 of the Regulations describe the acceptable 
levels of the above noise at sensitive residential and commercial areas (Black et aI . ,  2007). 
E .4.2 Noise Mitigation Strategies- Syd n ey A irport 
For Sydney Airport, two additional strategies were set to reduce environmental and social 
impact. The first is the Long-Term Operating Plan which incorporates a noise-sharing 
principle with the use of 1 0  modes of runway operations (Air Services Australia, 1 996). 
The objectives are: to use all three runways; to maximize flights over water and non­
residential areas; to share fairly noise impacts; to cap aircraft movements at 80 per hour; to 
maximize the hours per day over residential areas that are either free from over-flight, or 
ha e a minimum of una oidable over- flights; to ensure all arriving aircraft operate at low 
power and low noise; and to ensure that residential areas over- flo'W'Tl by aircraft arriving 
should not also be over-flown by aircraft departing from the same runway. The second 
strategy is the Commonwealth Government administration and implementation of the 
ydney Airport oise Amel ioration Program. During 1 995- 1 997, 93 publ ic bui ldings and 
4600 residences were provided acoustical treatment; at a capital cost of nearly Aus $400 
mil lion. The agreed noise metric by the Federal Government was the ANEF (Australian 
oise Exposure Forecast) system that is based on survey evidence of the reaction of 
Austral ian communities to aircraft noise. 
E.5 I CAO Balanced Approach 
The ICAO (lCAO Environmental Report 1 , 2007) set a "balanced approach" to identify the 
noise problem at an airport and then analyze the various measures available to reduce the 
noise. The goal of the balanced approach is to address the local noise problems on an 
individual airport basis and to identify the noise-related measures to achieve maximum 
environmental benefits using measurable criteria. The approach is driven by four principal 
e lements as described below (lCAO Environmental Report 1 ,  2007). 
1 .  Reduction of noise at source 
ewly manufactured aircraft must comply with the Noise Standards set out in the lCAO 
Annex 1 6  - Volume 1 .  Aircraft acoustic certification involves measuring the noise level of 
an aircraft at three points: two at take-off (flyover and sidel ine), and the third during the 
approach. 
2. Land-use p lanning and management 
Land-use planning and management measures include: noise zoning, mitigation measures 
including noise insulation programs and relocation, and financial instruments such as tax 
incentives and noise-related airport charges. lCAO's  policy with respect to noise charges is  
described in  lCAO's  Pol icies on Charges for Airports and Air  Navigation Services (Doc 
908217). Practical advice on determining the cost basis for noise-related charges and their 
collection is provided in the lCAO Airport Economics Manual (Doc 9562), and 
information on noise-related charges is provided in the lCAO Manual of Airport and Air 
Navigation Facil ity Tariffs (Doc 7 1 00). In general, the basis for user charges is defmed as 
1 2 5 
the ful l  cost of pro iding the required airport services and facil ities. oise-related charges, 
however include the costs of noise monitoring, noise insulation for housing and 
purchasing houses and land in areas adversely affected by noise. 
3. oise abatement operational procedures 
By changing aircraft operational procedures, it is possible to achieve noise reductions in a 
relatively short time period. In fact, noise abatement procedures are used to redistribute the 
noise produced during the flight to alleviate the impact of noise on the most sensitive areas. 
There are se eral operational measures that can be adopted, such as changing runways and 
routes, special noise abatement maneuvers during take-off and approach, wil l  results in a 
reduction of the number of people exposed to noise in specific areas around airports. Noise 
abatement procedures are contained in Procedures for Air Navigation Services - Aircraft 
Operations, Volume r - Flight Procedures (Doc 8 1 68), Part r ,  Section 7. 
4. Aircraft operating restrictions 
Under the "balanced approach", an operating restriction is defined as "any noise-related 
action that l imits or reduces an aircraft's  access to an airport". Operating restrictions can 
improve the noise c limate by l imiting or prohibiting movements of certain aircraft or 
l imiting access of all aircraft during certain hours of the day at an airport. reAO does not 
encourage applying aircraft operating restrictions measures as a fust resort; the other 
elements of the "balanced approach" should be considered first. 
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Ta ble F l : Noise individual 
Survey 
Num. Area 
I A l  Rashydia_N
7 
2 AIRashydia N 
3 A lRashydia N 
4 A lRashydia N 
5 ALRashydia N 
6 ALRashydia N 
7 AlRashydia N 
8 AlRashydia N 
9 AlRashydia N 
1 0  A LRashydia N 
1 1  A LRashydia N 
1 2  AIRashydia N 
1 3  AIRashydia _N 
7 North 
8 3 1 -40 Yrs old 
9 Above 9 years 
10 not available 
I I H igh 
12 InovmniaiSleepless 
13 Chronic Headache 
14 Very H igh 
I S  2 1 -30Yrs old 
16 less than 20 
17 Ear Infection 
Q l 
Dale 
02/08/2008 
02/08/2008 
02/08/2008 
02/08/2008 
02/08/2008 
02/08/2008 
02/0812008 
02/08/2008 
02/08/2008 
02/08/2008 
02/08/2008 
02/08/2008 
02/08/2008 
. 
Q2 
Number 
Age of years Diseases 
c8 i9 NA IO 
c i Inv l2 
c i CH 13 
c i Inv 
b ls i CH 
al6 NA CH 
b i NA 
b NA CH 
c i lnv 
c i Ea l 7 
c i CH 
a i NA 
b i CH 
data sheet 
Q3 , A Q3 ,b 
Do you take Hearing Annoyed by Level of 
any medicine Aid Noise Annoyance morning Evening night 
No No Yes H I 1 NA NA NA 
No No Yes H NA NA NA 
NA No Yes VH I4 * 
No No Yes VH * 
NA No Yes H * 
No No Yes H * 
No No Yes H * * * 
No No Yes H * 
No No Yes VH * * * 
No No Yes H * * 
Yes No No NA NA NA NA 
No No No NA NA NA NA 
Yes No Yes H * * * 
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I S  AI Rashydia M 02/08/2008 c i CH No No Yes H * 
1 6  AIRashydia_M 02/08/2008 b i NA No No Yes I I  • 
1 7  AIRashydia_M 02/08/2008 e20 i NA Yes No NA H * 
1 8  AI Rashydia _ M 02/0812008 b NA NA No No Yes L * 
1 9  A IRashydia_M 02/08/2008 b i NA No No Yes L * 
20 A IRashydia_M 02/08/2008 b i NA No No Yes L • * 
2 1  AIRasbydia_M 02/ 1 0/2009 b j NA No No Yes L * 
22 A1Rashydia_M 021 1 0/2008 a i NA No No No NA NA NA NA 
23 AIRashydia _M 02/ 1 0/2008 e i NA No No No NA NA NA NA 
24 AIRashydia_M 021 1 0/2008 c i NA No No No NA NA NA NA 
25 AlRashydia_M 02/ 1 0/2008 a i NA No No No NA NA NA NA 
26 AlRashydia _ M 021 1 0/2008 b j NA No No Yes H * 
27 AI Rashydia _ M 02/ 1 012008 b i NA No No Yes H * 
28 A lRashydia_M 02/ 1 0/2008 d2 !  i NA No No No NA NA NA NA 
29 AIRashydia_M 02/ 1 0/2008 a i lnv No No No NA NA NA NA 
30 AlRashydia_M 02/ 1 0/2008 c g22 CH No No Yes H * 
3 1  AlRashydia_M 021 1 0/2008 b i NA No No No NA NA NA NA 
32 AlRashydia_M 021 1 0/2008 a i NA No No Yes VH * 
3 3  A IRashydia _ M 021 1 0/2008 a i NA No No No NA NA NA NA , 
34 AIRasbydia_M 021 1 0/2008 b i NA No No Yes H * 
3 5  AIRashydia _ M NA b i CH No No Yes H * 
36 AlRashydia_M 021 1 0/2008 b i CH No No Yes VH * 
37  A IRashydia _ M 02/ 1 0/2008 b i CH No No No NA NA NA NA 
3 8  AlRashydia M 02/ 1 0/2008 d i lnv No No Yes VH * 
39 A I Rashydia M NA a i NA No No Yes VH * 
4 1  AIRashydia_S
2J- NA b i NA No No No 
42 AIRashydia _ S NA d i Iny No No No NA NA NA NA 
43 AIRashydia_S NA e i NA No No No NA NA NA NA 
44 AIRashydia _ S NA b i NA No No Yes H * * * 
45 AIRashydia_S NA b i NA No No No NA NA NA NA 
46 AIRashydia _ S NA b i NA No No No NA NA NA NA 
47 AIRashydia_S NA c i NA No No No NA NA NA NA 
48 AlRashydia _ S NA b i Iny No No No NA NA NA NA 
49 AIRashydia_S NA c i lny No No Yes L NA NA NA 
50 AIRasbydia S NA e I NA No No Yes L NA NA NA 
5 1  Al Twar I 1 6/2/2008 a i Iny +CH Yes No Yes H * * * 
53 Al Twar I 1 6/2/2008 b i lny No No Yes H * * * 
55 Al Twar I 1 6/2/2008 a i lny Yes No Yes H * * * 
56 Al Twar I 03/0 1 12008 b i NA No No Yes L * 
57 Al Twar I 1 6/2/2008 b i CH Yes No Yes H * * * 
58 AI Twar 1 NA d i lny No No Yes H * 
59 Al Twar 1 22/2/2008 b h24 NA No No Yes H * 
60 AI Twar 1 23/212008 d i NA No No Yes H * 
6 1  Al Twar 1 2212/2008 c i Iny No No Yes H * 
62 Al Twar 1 24/2/008 d i CH NA No Yes H * * 
63 Al Twar 1 03/0 1 12008 c g Ep25 No No Yes H * * 
64 Al Twar 1 03/0 1 12008 b NA lnv No No Yes H * 
66 Al Twar 1 22/2/2008 c g CH No No Yes H * 
67 Al Twar 1 NA c i NA NA NA Yes H * 
68 AI  Twar I 28/2/2008 b h Ep Yes No Yes H * 
69 Al Twar 1 25/2/2008 b NA NA No No Yes L * 
70 AI Twar 1 30/2/2008 c i CH No No Yes H NA NA NA 
- --
73 AI Twar 1 28/2/2008 b g NA No No Yes H * 
74 AI Twar 1 22/2/2208 b h Ea No No Yes H * * 
75 AI Twar 1 2 1 /2/2008 d NA Ea No No Yes H * * * 
76 AI Twar 1 29/212008 d g Iny No No Yes H * * 
77 AI Twar 1 29/2/2008 b g NA No No Yes H * 
78 AI Twar 1 27/2/2008 d i NA No No Yes L * 
79 Ai Twar I 26/2/2008 a NA NA NA NA NA H * 
8 1  A I  Twar2 03/0 1 12008 c i CH No No Yes V I I  * * 
82 AI Twar2 25/2/2008 b h l ny No Yes Yes VH * * * 
83 AI Twar2 25/2/2008 d i NA No No Yes II * * 
84 Ai Twar2 23/212008 c j Inv No No Yes H * * 
85 AI Twar2 2 5/2/2008 b i my No No Yes H * * * 
87 Al Twar2 28/2/2008 b h NA No No Yes H * 
88 Al Twar2 28/212008 b g NA No No Yes H * 
89 Al Twar2 27/2/2008 c NA NA No Yes NA * 
90 Ai Twar2 24/2/2008 e NA NA No No Yes H * 
9 1  A I  Twar2 27/2/2008 b f6 lny No No Yes H * 
92 Al Twar2 2 8/2/2008 b g NA NA NA Yes L * * 
93 Al Twar2 26/2/2008 c g NA No No Yes H * 
94 Al Twar2 23/2/2008 b NA Iny No No Yes H * 
95 Al Twar2 22/2/2008 b f NA No No No 
96 Ai Twar3 26/2/2008 b i NA No No Yes L * 
97 Al Twar3 26/2/2008 b h NA No No Yes VH * * * 
98 AI Twar3 26/2/2008 b i Ea Yes No Yes L * 
99 Al Twar3 26/2/2008 c h NA No No Yes VH * 
1 00 Al  Twar3 27/2/2008 c i NA No No Yes NA * I 
1 0 1  A l  Twar3 NA d i CH No Yes Yes H * 
1 02 Al Twar3 27/2/2008 NA i CH No No Yes L NA NA NA 
1 03 Al Twar3 27/2/2008 d i Ea No No Yes VH * * 
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1 05 AI Twar3 NA c h lnv Yes No Yes H * * * 
1 06 AI Twar3 27/212008 c i NA No No Yes H * 
1 07 AI Twar3 NA e g NA No No Yes VI I * 
1 08 AI Twar3 03/02/2008 e i NA NA NA NA L * 
1 09 AI Twar3 03/02/2008 c i lny + Ea No No Yes I l  * 
1 1 0 Al Twar3 03/02/2008 b i CH Yes No Yes YH * 
I I I  A l  Twar3 03/02/2008 c i Ep No No Yes I I  * 
1 1 2 Al Twar3 03/02/2008 c g NA No No Yes NA * 
1 1 3 AI Twar3 03/02/2008 a i loy No No Yes NA * 
1 1 4 AI Twar3 NA d i CH Yes No Yes NA * 
Al Twar3 Iny + Ep 1 1 5 NA c i + Ea No No Yes YH * 
1 1 6 Mirdif 1 9/212008 b g Ea No No Yes H * 
1 1 7 Mirdif 1 9/2/2008 c g Ea No No Yes VH * * * 
1 1 8 Mirdif 1 9/2/2008 c f NA No No Yes H * * * 
1 1 9 M irdif 1 6/2/2008 c g Ea No No Yes H * * * 
1 20 Mirdif 1 5/2/2008 c f NA No No Yes H NA NA NA 
1 2 1  M irdif 23/2/2008 c g CH No No Yes YH * 
1 22 Mirdif 23/2/2008 d h Ea Yes No Yes NA * 
1 23 Mirdif  23/2/2008 b i No No No Yes NA * 
1 32 Mirdif  NA c i CH Yes No Yes H * 
1 33 Mirdi f  N A  c h NA No No Yes H * 
Mirdif a,b, lny + Ea 1 34 NA c h + CH Yes No Yes YH * * 
1 3 5  Mirdif 02/0 1 /2008 b g NA No No Yes YH * * * 
1 36 Mirdif 02/ 1 0/2008 b i NA No No Yes H * * * 
1 37 Mirdif NA c I. lny + CH Yes No Yes H * 
lny + Ep 
M irdif + Ea + 
1 38 NA NA NA CH Yes No Yes YH * * * 
1 39 Mirdif NA b NA lny + Ea No NA Yes VH * * * 
140 Mirdif 02/ 1 0/2008 d i No No No No 
I Lf r  JYl rn � n  
1 42 Mirdif  
1 44 M irdif 
1 46 Muhaisina l 
1 47 Muhaisina l 
1 48 Muhaisina l 
1 49 Muhaisina l 
I SO Muhaisina l 
l S I  Muhaisina 1 
1 52 Muhaisina l 
1 53 Muhaisina l 
1 54 Muhaisina l 
I SS Muhaisina l 
1 56 Muhaisina l 
1 57 Muhaisina l 
1 5 8 Muhaisina l 
1 59 Muhaisina l 
1 60 Muhaisina l 
1 6 1  M uhaisina l 
1 62 Muhaisina l 
1 63 Mubaisina l 
1 64 Mubaisina 1 
1 65 Mubaisina l 
1 66 Muhaisina l 
1 67 Muhaisina l 
1 7 1  Muhaisina l 
1 72 Muhaisina 1 
1 73 Muhaisina l 
1 74 Mubaisina l 
1 75 Muhaisina l 
1 76 Nad Shama 
uz:r r vrz;uuu--- 0-�I 
NA b i 
021 1 0/2008 C i 
03/0 l /2008 b g 
03/04/2008 a g 
03/0 1 /2008 C g 
03/0 1 12008 b g 
03/0 1 12008 b g 
03/07/2008 C g 
03/07/2008 b g 
NA C g 
NA b g 
NA C g 
27/2/2008 d g 
27/2/2008 C g 
a, b, 
28/2/2008 c, d f 
27/2/2008 b h 
NA a h 
27/212008 d g 
27/2/2008 d g 
27/2/2008 b h 
NA b g 
28/2/2008 f 
27/2/2008 C g 
NA b h 
NA a, d g 
NA a g 
NA d g 
27/2/2008 b h 
271212008 b h 
NA d h 
--.....,. '0' 
illv + Ea 
+ CH 
No 
No 
CH 
NA 
NA 
NA 
CH 
CH 
Ea 
NA 
NA 
NA 
NA 
CH 
CH 
CH 
NA 
NA 
NA 
NA 
CH 
NA 
No 
NA 
NA 
Ea 
NA 
NA 
lov 
n ,<,  9 
Yes No Yes Vi i * * 
No No Yes L NA NA NA 
No No Yes L * 
Yes No Yes H * * * 
No No Yes L * 
No No Yes L * 
No No Yes H * 
Yes No Yes H * * * 
No No Yes H * * * 
No No No 
No No No 
No No No 
No No No 
No No No 
Yes No Yes H * * * 
No No Yes H * 
-
No No No 
No No No 
No No No 
No No Yes H * * * 
No No Yes L * 
Yes No Yes NA * * * 
No No No 
No No 
No No Yes H * * 
No No No 
No No Yes L * 
No No Yes H * 
No No Yes L * 
No No Yes H * 
1 7T - Natn5nama-� l"< A:  
1 78 Nad Shama NA 
1 79 Nad Shama NA 
L 80 Nad Shama NA 
1 8 1  Nad Shama NA 
1 82 Nad Shama NA 
1 83 Nad Shama NA 
1 84 Nad Shama NA 
1 85 Nad Shama NA 
1 86 Nad Shama NA 
1 87 Nad Shama NA 
1 88 Nad Shama NA 
1 89 Nad Shama NA 
1 90 Nad Shama NA 
Q3,c 
effect 
Survey on 
Num. Area sleep 
1 AI Rashydia_N VH 
2 AIRasbydia_N VH 
3 A1Rashydia _ N VH 
4 A1Rashydia_N VH 
5 A1Rashydia_N VH 
6 AIRashydia_N H 
7 AIRashydia_N H 
8 AIRashydia_N H 
9 A1Rashydia_N H 
1 0  A1Rashydia_N H 
'------ -.!.L Al Rashydia_N cl'LA _ _  . 
0-�I 
b i 
b i 
a g 
d h 
a i 
b h 
b i 
b i 
c g 
d h 
c h 
b i 
d i 
morning evening 
NA NA 
NA NA 
NA NA 
* * 
* * 
NA NA 
-Cl1 �n --.� --.- r ''Ir o 
NA No No 
lnv No No 
C l I  Yes No 
NA No No 
NA No No 
NA No No 
NA No No 
NA Yes No 
CH No No 
NA No No 
NA No No 
NA No No 
CH No No 
Q3, d 
Effect on 
reading and 
night communication morning 
NA VH NA 
NA VH NA 
n II NA 
* H 
* H NA 
* L 
* L NA 
* H 
* H * 
* H .. 
NA NA NA .-
1 33 
,., ... 
No 
No 
Yes H * 
Yes L * 
No 
--
No - - -
No NA NA NA NA -
Yes VII * 
Yes L * 
No 
No 
Yes L .. 
Yes L * 
Q3, e 
Effect on 
evening night watching morning evening night 
NA NA VI I NA NA NA 
NA NA VII NA NA NA 
NA N H NA NA NA 
* H * 
NA NA H NA NA NA 
* L * 
NA NA L NA NA NA 
* L * 
* * H * * .. 
* .. H * .. .. 
NA NA NA NA NA NA 
T Z--- r£'-.l..-xuan� .... ·g.� ..... --- 1 --., rT- ,-, r  .. _ --.. .., ,.... . . - � 
1 3  AIRashydia N I I  * * * L * * * I-l * * * 
1 4  AIRasbydia M L * L NA NA NA VB * 
1 5  AlRashydia M L NA NA NA L NA NA NA L NA NA NA 
1 6  AIRashydia M L NA NA NA L NA NA NA L NA NA NA 
1 7  AIRashydia_M L NA NA NA L NA NA NA L NA NA NA 
1 8  AIRasbydia __ M L NA NA NA L NA NA NA L NA NA NA 
1 9  AIRashydia _ M L NA NA NA L NA NA NA L NA NA NA 
20 AIRashydia,-M L NA NA NA L NA NA NA L NA NA NA 
2 1  AIRashydia_M L * L * L * 
22 AI Rasbydia _ M NA NA NA NA NA NA NA NA NA NA NA NA 
23 AIRashydia_M NA NA NA NA NA NA NA NA NA NA NA NA 
24 AlRasbydia _ M NA NA NA NA NA NA NA NA NA NA NA NA 
25 AIRashydia_M NA NA NA NA NA NA NA NA NA NA NA NA 
26 AlRashydia_M H * H * H * 
27 AIRashydia _ M Y H  * H * H * 
28 AIRashydia _ M NA NA NA NA NA NA NA NA NA NA NA NA 
29 A1 Rashydia_M NA NA NA NA NA NA NA NA NA NA NA NA 
30 AIRashydia _ M H * H * H * 
3 1  AlRashydia __ M NA NA NA NA NA NA NA NA NA NA NA NA 
32 AIRashydia __ M Y H  * H * I-I * 
33 AIRasbydia _ M NA NA NA NA NA NA NA NA NA NA NA NA 
34 AlRashydia _ M H * H * H * 
35  AlRashydia __ M H * L * L * 
36 AIRashydia_M Y H  * L * H * I 
37 AIRashydia __ M NA NA NA NA NA NA NA NA NA NA NA NA 
38  A1Rashydia_ M Y H  * H * L * 
39 AIRashydia_M Y H  * I-l * H * 
40 AIRashydia __ M H * L * L * 
4 1  AIRashydia __ S 
42 AIRashydia _ S NA NA NA NA NA NA NA NA NA NA NA NA 
43 AIRashydia_S NA NA NA NA NA NA NA NA NA NA NA NA 
'l"lf-- n n'C1-sny,";na� �n � "" 
45 AIRashydia S NA NA NA NA NA NA NA NA NA NA NA NA 
46 AIRashydia S NA NA NA NA NA NA NA NA NA NA NA NA 
47 AIRashydia S NA NA NA NA NA NA NA NA NA NA NA NA 
48 AI Rashydia S NA NA NA NA NA NA NA NA NA NA NA NA 
49 AIRasbydia S L NA NA NA L L L NA NA NA 
50 AIRashydia S L NA NA NA L L L NA NA NA 
5 1  Al Twar I H * * * NA L * * L * * * 
53 Al Twar 1 H * * * H * * * H * * 
5 5  Al Twar 1 VH * * * VH * * * VH * * * 
56 Al Twar 1 L * L NA NA NA L NA NA NA 
57  Al Twar I H * * * H * * * NA H H L 
5 8  Al Twar 1 H * H * H * * 
59 Al Twar 1 H * L * L * 
60 Al Twar 1 * L * H * 
6 1  A l  Twar 1 H * L * H * 
62 Al Twar 1 H * * H * * H * * 
63 AJ Twar 1 H * H * H * 
64 Al Twar 1 H * H * H * 
66 Al Twar 1 H * H * H * 
67 Al Twar 1 L * H NA NA NA H * * * 
68 Al Twar 1 H * H * H * 
69 AI Twar 1 L NA NA NA L NA NA NA L NA NA NA 
70 Al  Twar 1 H NA NA NA L NA NA NA L NA NA NA I 
72 AI Twar 1 VH * L * L * * 
73 Al  Twar 1 H * H * H * 
74 Al Twar 1 H * L NA NA NA H NA NA NA 
75 Al Twar 1 H * * H * * H * * 
76 Al Twar 1 L NA NA NA L NA NA NA L NA NA NA 
77 Al Twar 1 H * H * H * 
78 Al Twar 1 L NA NA NA L NA NA NA L NA NA NA 
79 Al  Twar 1 H NA NA NA L NA NA NA L NA NA NA 
lf 1  Pf. l l �arli -n- o 
82 Al Twar2 I £  * * I I  * * I I  * * * 
83 Al Twar2 L NA NA NA L * * I I  * * * 
84 Al Twar2 H * L * * H * 
85 Al  Twar2 H * H * H * * * 
87 Al  Twar2 H * H * NA * 
88 Al  Twar2 H * H * I I  * 
89 Al Twar2 L NA NA NA L NA NA NA L NA NA NA 
90 Al  Twar2 L NA NA NA L NA NA NA L NA NA NA 
9 L  Al  Twar2 H * H * II * 
92 Al Twar2 H * L * * L * 
93 Ai Twar2 H * H * H * 
94 AI Twar2 H NA NA NA L NA NA NA L NA NA NA 
95 Al  Twar2 
96 AI Twar3 L * L * L * 
97 AI Twar3 VH * H * H * 
98 Al  Twar3 L * L * L * 
99 Al Twar3 VH * L * L * 
L OO Al Twar3 H NA NA NA H NA NA NA H NA NA NA 
L 0 1  A l  Twar3 VH * H NA NA NA H NA NA NA 
1 02 Al Twar3 L NA NA NA L NA NA NA L NA NA NA 
1 03 AI Twar3 h * L + H  * * * H * * 
1 04 AI Twar3 L NA NA NA NA NA NA NA L NA NA NA 
1 05 Al Twar3 H * * * L * * * L * * * 
1 06 Al Twar3 H NA NA NA H NA NA NA H NA NA NA 
1 07 Al Twar3 L * H * VH * 
L 08 AI Twar3 L * L * L * 
1 09 AI Twar3 H * VH * VH * 
1 I 0 AI Twar3 VH * VH * VB * 
1 I 1  A l  Twar3 H * H * H * 
1 1 2 AI Twar3 NA * NA * NA * 
1 1 3 AI Twar3 NA * NA * NA * 
1 1 4 -.fn- r wur.;) '''�- � £ .., . 
1 1 5 Al Twar3 VI I * VH * VB * 
l L 6 Mirdif H * * * L NA NA NA L NA NA NA 
1 1 7 Mird i[ VI I * L NA NA NA L NA NA NA 
L 1 8 M irdif  H * H NA NA NA L NA NA NA 
1 1 9 Mirdi[  VH * L NA NA NA L NA NA NA 
1 20 Mirdif  H NA NA NA L NA NA NA L NA NA NA 
1 2 1  M irdif H * H * L * 
1 22 Mirdif B * l-I * L NA NA NA 
123  Mirdi[  Vl -I * H * L NA NA NA 
1 32 M irdif L NA NA NA H NA NA NA L NA NA NA 
1 33 M irdif L * L * L * 
1 34 Mirdif H * * H * H * * 
1 35 M irdif  Vl-I * * VH * * L * * 
1 36 M irdif  H * B * * H * * 
1 37 M irdif  L * * L NA NA NA H NA NA NA 
1 38 M irdif  V B  * * * VB * * * VH * * * 
1 39 Mirdif VH * * * VH * * * VH * * * 
1 4 1  M irdif  L * L * L * 
1 42 M irdif H * H * VH * 
1 44 Mirdif  NA NA NA NA H NA NA NA L NA NA NA 
1 46 Muhaisina l L * L NA NA NA L NA NA NA 
1 47 Muhaisina l L * h * * * L * 
1 48 Muhaisina l L * L * L * 
149  Muhaisina l L * L * L * 
1 50 Muhaisina l H * L NA NA NA L NA NA NA 
1 5 1  Muhaisina l L * * H * * * L * 
1 52 Muhaisina l VH * * * H * * * H NA NA NA 
1 58 Muhaisina l H NA NA NA H NA NA NA H NA NA NA 
1 59 Muhaisina l L NA NA NA L NA NA NA L NA NA NA 
1 63 Muhaisina l L NA NA NA H * * H * * 
1 64 Muhaisina l L * L NA NA NA L NA NA NA 
T o:r- - rVCUlnn:nrn  - 0-.... J ...... T\: r-- J � �----- . ...... ;I ---.. - n 
1 7 1  Muhaisina l H * H * * L * 
1 73 Muhaisina l L * L * L * 
1 74 Muhaisina l H * L NA NA NA L NA NA NA 
t 75 Muhaisina l L * L * L * l 
1 76 Nad Shama L * NA NA NA NA NA NA NA NA 
1 80 Nad Shama L NA NA NA L NA NA NA L NA NA NA 
1 8 1  Nad Shama L NA NA NA L NA NA NA L NA NA NA 
1 82 Nad Shama 
1 83 Nad Shama 
1 84 Nad Shama NA NA NA NA NA NA NA NA NA NA NA NA 
1 85 Nad Shama Y H  * H * L * 
1 86 Nad Shama L * L * L * 
1 87 Nad Shama 
1 88 Nad Shama 
1 89 Nad Shama L * NA NA NA NA NA NA NA NA 
1 90 Nad Shama L * NA NA NA NA NA NA NA NA 
Q3, f 
urvey effect on daily 
Num. Area activities morning evening night 
1 AI Rashydia_ VH NA NA NA 
2 AlRashydia_ VH NA NA NA 
3 AIRashydia_N VH NA NA NA 
4 AIRashydia_ H * 
5 AlRashydia_ VH NA NA NA 
6 A1Rashydia _ H * * * 
7 AlRasbyd ia_N H NA NA NA 
8 AlRashydia_N L * 
9 AlRashydia_ H * * * 
1 0  AlRashydia_N H NA * * 
I I  AIRashydia_N NA NA NA NA 
1 2  AIRashydia_N NA NA NA NA 
1 3  AIRashydia_N L * * * 
1 4  AIRashydia_M H * 
1 5  AlRashydia_M L NA NA NA 
1 6  A lRashydia_M L NA NA NA 
1 7  AIRashydia_M L NA NA NA 
1 8  AlRashyd ia _ M L NA NA NA 
1 9  AlRashydia _ M L NA NA NA 
20 AlRashydia_M L NA NA NA 
2 1  AlRashydia _ M L * 
22 AlRashydia _ M NA NA NA NA 
23 A IRashydia _M NA NA NA NA 
24 AlRashydia _ M NA NA NA NA 
25 AlRashydia _ M NA NA NA NA 
26 AlRashydia _ M H * 
27 AlRashydia_M H * 
28 AlRashydia_M NA NA NA NA 
29 AlRashydia_M NA NA NA NA 
30 AlRashydia_M H * 
3 1  AIRashydia _ M NA NA NA NA 
32 A lRashydia_M H * 
33 A lRashydia _ M NA NA NA NA 
34 AlRashydia _ M H * 
3 5  A lRashydia _ M L NA NA NA 
36 A lRashydia_M L * 
37 AlRashydia _ M NA NA NA NA 
38 A lRashydia _ M L NA NA NA 
39 A lRashydia_M H * 
40 AlRashydia M L * 
4 1  AlRashydia S 
42 AlRashydia S NA NA NA NA 
43 AlRashydia S NA NA NA NA 
44 AIRashydia _ H • * * 
45 AlRashydia_S l-iA NA NA NA 
46 A IRashydia_S NA EA NA NA 
47 AIRashydia _ S NA NA NA BA 
48 AIRashydia _ S NA NA NA NA 
49 A lRashydia_ L NA NA NA 
50 AlRashydia S L NA NA NA 
5 1  Al Twar I L * * * 
53 Al Twar I H * * * 
55 Al Twar 1 VB * * * 
56 Al Twar I L NA NA NA 
57 Al  Twar 1 H * * * 
58 Al Twar I H * * * 
59 Al Twar 1 L * 
60 Al Twar 1 L * 
6 1  Al Twar I L * 
62 Al Twar 1 H * * * 
63 Al  Twar 1 H * 
64 Al Twar 1 H * 
66 Al Twar 1 H * 
67 Al Twar I L * 
68 Al  Twar 1 H * 
69 Al Twar I L NA NA NA 
70 Al  Twar 1 L NA NA NA 
72 Al Twar 1 L * 
73 Al  Twar 1 H * 
74 Al Twar I L NA NA NA 
75 Al  Twar 1 H * * * 
76 A l  Twar 1 L NA NA NA 
77  Al Twar I H * 
78 Al Twar 1 L NA NA NA 
79 Al  Twar 1 L NA NA NA 
8 1  AI Twar2 VH * * 
82 Al Twar2 B * * * 
83 A I  Twar2 L NA NA NA 
84 Al Twar2 L * 
85 Al  Twar2 H NA NA NA 
87 Al  Twar2 NA * 
88 AI Twar2 H * 
89 Al  Twar2 L NA NA NA 
90 AI Twar2 L NA NA NA 
9 1  Al Twar2 H * 
92 Al Twar2 L * 
93 Al Twar2 H * 
94 A l  Twar2 L NA NA NA 
95 Al Twar2 
96 Al  Twar3 L * 
97 AI Twar3 H * 
98 Al T'War3 L * 
99 Al Twar3 VH * 
1 00 Al Twar3 H NA NA NA 
l O t  A I  Twar3 H NA NA NA 
1 02 AI Twar3 L NA NA NA 
1 03 Al Twar3 L * 
1 04 Al Twar3 L NA NA NA 
1 05 AI Twar3 H * * * 
1 06 Al Twar3 H NA NA NA 
1 07 Al Twar3 L * 
1 08 Al Twar3 L * 
1 09 AI Twar3 VH * 
1 1 0 Al Twar3 VH * 
I I I  AI  Twar3 H * 
1 1 2 A I  Twar3 NA * 
1 1 3 A I  Twar3 NA * 
1 1 4 Al Twar3 NA * 
1 1 5 Al Twar3 VH * 
1 1 6 M irdif L NA N A  N A  
1 1 7 Mirdif L NA NA NA 
1 1 8 Mirdif L NA N A  N A  
1 1 9 Mirdif L NA NA NA 
1 20 Mirdif L NA NA NA 
1 2 1  Mirdif H * 
1 22 Mirdif L NA N A  N A  
1 23 Mirdif L NA N A  NA 
1 32 Mirdif L N A  NA NA 
1 33 Mirdif L * 
1 3 -t  Mirdif VH * * 
1 35 M irdif H * * 
1 36 Mirdif H * * 
1 37 Mirdif H N A  N A  NA 
1 38 Mirdif VH * * * 
1 39 Mirdif VH * * * 
1 40 Mirdif 
1 4 1  Mirdif L N A  N A  NA 
1 42 MirM VH * * 
1 43 Mirdif 
1 44 Mirdif No - - -
1 46 Muhaisina l L NA N A  N A  
1 47 Muhaisina l L * * * 
1 48 Muhaisinal L NA NA NA 
1 49 Muhaisinal  L N A  NA NA 
1 50 Muhaisina l L NA N A  NA 
l S I  Muhaisinal H * * * 
1 52 Muhaisina l H * * * 

1 5 8  Muhaisina l H NA NA NA 
1 59 Muhaisina l L NA NA NA 
1 63 Muhaisina l H * * 
1 64 Muhaisina l L NA NA NA 
1 65 Mubaisina l H NA _NA NA 
1 7 1  Muhaisina l L * 
1 72 Muhaisina l 
1 73 Muhaisina l L * 
1 74 Muhaisina l L NA NA NA 
1 75 Mubaisina l * * 
1 76 Nad Shama NA NA NA NA 
1 80 Nad Shama L NA NA NA 
1 8 1  Nad Shama L NA NA NA 
1 84 Nad Shama NA NA NA NA 
1 85 Nad Sham a VH * 
1 86 Nad Shama L * 
1 89 Nad Shama NA NA NA NA 
1 90 Nad Shama NA NA NA NA 
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